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4.  GEOMETRICAL  AND  BEAM  POINTING  CONSIDERATIONS 

This  section  develops  the  MBTA  mounting  and  beam  point- 
ing parameters  and  derives  the  optimum  rotation  axis  angle  for 
matching  the  conical  scan  surface  capability  of  the  MBTA  to  the 
geosynchronous  arc.  The  derived  results  are  a function  of  the 
latitude  and  differential  longitude  of  the  antenna.  The  effect 
of  fixing  the  rotation  axis  angle  to  one  value  independent  of 
antenna  location  for  a DCSC  system  deployed  worldwide  is  also 
evaluated . 


4.1  LOCAL  ELEVATION  AND  AZIMUTH  ANGLES  FOR  BEAM  POINTING 


For  a geosynchronous  satellite,  all  MBTA  antenna  mount- 
ing and  pointing  parameters  may  be  expressed9  in  terms  of  two 
independent  variables  (v,  X),  where 

v = MBTA  (north)  latitude  (4-la) 

X = MBTA  (east)  longitude  - satellite  (east)  longitude  (4-lb) 


and  ra  = 6.61  = satellite  radius/earth  radius. 

The  local  elevation  of  the  beam  pointing  direction  is 


e 


tan-1 


m cos 

(v) 

cos 

(X)  - 

1 " 

B 

>1 

l 

cos2 

(V) 

cos2 

(X)J 

Several  special  cases  of  interest  are  as  follows: 


(4-2) 


a.  e = 0°  when  m cos  (v)  cos  (X)  - 1.  If  X = 0°  then 
cos  (v)  = 1/m  and  v = 81.3°.  (Note  that  v and  X are  Interchange- 
able.) If  X = v,  then  cos2  (v)  = 1/m  and  v = 67.1°. 
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b.  c = 5°  when  cos  (v)  cos  (A)  « 0.2363.  If  A **  0°,  then 
v *=  76.332°;  if  A - v,  then  v « 60.915°. 

Figure  4-1  shows  the  local  beam  elevation  angle  for  the  MBTA  as  a 
function  of  its  latitude  and  differential  longitude.  When  the 
differential  longitude,  A,  is  zero,  then 

81.3°  < (e  + v)  < 90°  (4-3) 


as  shown  in  Figure  4-2. 

The  local  azimuth  of  the  beam  pointing  direction  is  mea- 
sured clockwise  from  a north  reference,  as  shewn  in  Figure  4-3. 

The  equations  for  the  northern  and  southern  hemisphere  local  azi- 
muth differ  by  180°: 


a2,n.h.  = 


A 


180°  + tan' 


Ism  vj 

. tan-1  r|a§4l 

iOJ.ll  vj 


(4-4a) 


(4-4b) 


where  AZyiH>  = 180°  and  AZSjH.  = 0°  if  \ = 0°,  Also  shown  in 
Figure  4-3  is  the  satellite  angle  (relative  to  the  subsatellite 
axis)  to  the  MBTA: 

a = tan-1  ML  .1  cos2_(vI_co_s2  (A)_  (4-5) 

j m - cos  (v)  cos  (A) 

Figure  4-4  shows  several  additional  angle  relationships 
that  exist  when  the  MBTA  and  satellite  position  ha^e  been  speci- 
fied. The  following  are  derived  from  the  identities  for  a right 
spherical  triangle: 

a.  cos  iJj  * cos  A cos  v, 

b.  cos  (i*  = sin  v/sin 
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c.  sin  {A2‘)  * sin  X/sin 

d.  tan  a = r sin  v/ (h  - r cos  ’]»)  =■  sin  ty/(ra  - cos  \h)  , 

e.  tan  Q'  = sin  A/tan  v,  and 

f . 90°  - e *=  (ijr  + a) . 

Figure  4-5  shows  the  geometrical  basis  for  d and  f. 

4.2  MBTA  LOCAL  HORIZON  AND  SCAN  "PLANE*  VECTORS 

Two  additional  unit  vectors  are  used  to  describe  the 
mounting  and  pointing  of  the  MBTA: 

A 

a.  p = MBTA  scan  “plane"  vector , and 

b.  q « horizon  vector  in  the  aperture  plane. 

Both  of  these  unit  vectors  lie  in  the  aperture  pl^ne,  as  shown  in 

a 

Figure  4-6.  The  local  horizon  vector  q can  be  defined  as 

q | to  R ; q«R  * 0 (4-6) 

q J_  to  r ; q»r  « 0 (4-7) 


where  r is  the  radius  vector  from  the  earth  center  to  the  MBTA 
location  and  R is  the  beam  pointing  vector  from  the  .MBTA  to  the 
satellite  position  (in  this  case,  assumed  to  be  at  the  center  of 
the  defined  field  of  view),  as  shown  in  Figure  4-7. 
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Figure  4-5.  Plane  Geometry  Angle 
Relationships 
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p = SCAM  PLANE  VECTOR  OF  TORUS 
cl  = HORIZON  VECTOR  IN  APERTURE  PLANE 


Figure  4-6.  Horizon  Victor  q and 
Scan  "Plane''  Vector  p in  MBTA 
Aperture  Plane 


The  vector  relationships  are 

r = r£i  cos  v cos  dA  + 3 cos  v sin  $A  + k sin  v]  (4-8a) 
H = h[i  cos  $s  + j sin  $3]  (4-8L) 

R « H - f (4-8c) 

| R J = r /m2  + 1 “ 2m  cos  v cos  X (4-8d) 

T = hl-I  sin  4>s  + 3 cos  ds]  (4-8e> 

The  scan  “plane"  vector  p is  defined  as 

p | to  S ; p*R  * 0 (4-9) 


where  p lies  in  the  plane  of  R and  T,  and  p*R  x T - 0. 
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The  last  important  geometrical  relationship  can  now  be 

m - cos  \p 


given  as 

tan  ft  = tan  ft'  cos  a = 


• (Srt)(: 


/m*~- ^ZaTcos 

This  relationship  is  derived  by  noting  that 


P + l) 


tan 


1 iAA 


Further,  noting  that 

q a r x R = - (S  x r ) 
pa  (I  x f)  x S = -(S  x S x T) 


gives 


tan  ft 


| {R  x r)  x (R  x R x T) 

(R  X r)  • (R  x K x T) 

(R  x r)  x [ (S-R)  T - {¥*R)  R]  ! 


(R  x R)  l (S*  R)  T - (T^R)  It] 

! (R»R) (R  X r X T)  - (f«S) (S  x r x R) 
- (R*R)  [R  x ?•?]  + (T-S)  [S'  x r-R] 


(4-10) 


(4-11) 


(4-12a) 

(4-12b) 


(4-13) 


ana  since 


R x r x R ® (R4 R)  r - (r*R)  R 


_ j (E.R)  [ (K«¥)  r ~ (r  »T)  S}  - (T-R)  ( (E*S)  r 
‘ (S-S) [S  X r-¥] 

•R)  - (S*R) (r-T)l 


- (r *S)  SJ 


11 

|Ri 


! r(T-K)(r« 

i~2  L - ( 


(R  x r*T) 
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then 


K x r-T  = -h2r  sin  v 


r>T  = -T*R  (since  T*K  =0)  = hr  cos  v sin  X 
r *R  - r*H  - F*r  - (m  cos  v cos  X - 1)  r2 


Thus, 


tan  il  - 


(T-R) 

(r | h2i:  sin  v 
• l (m  cos  v cos  a - 1)  r2 
+ r2(ni2  + 1 - 2m  co*:  v cos  X>) 

(hr  cos  v sin  l)  \x 2 ) - m cos  v cos  X) 

(h2r  sin  \j)  nm2  +■  1 - 2m  cos  v cos  X 


sin  (X.)l 

| {m  - cos  (>)] 

_tan  (v)J 

[ /m2  + 1 - 2m  cos  (b) 

(4-14) 


Tire  local  horizon  vector  may  be  determined  by  applying 
equations  (4-6)  and  (4-7)  or  (4-12)  (normalized)  as  fellows.* 


* -sin  ( $r. } i + cos  (i„)  j - cotan  (v)  sin  (X)  k 

q - - pr.-rrnrm.—r^rc-.— N-15) 

/l  a-  co tan 2 (v)  ■ ‘ '') 

A 

The  azimuth  angle  of  q differs  from  that  of  the  beam  pointing 
(e.q.,  equation  (4—4 ) I by  90°.  The  local  *“-.rth  vector  at  an  M.3TA 
site,  shown  in  Fiqure  4-3,  is  given  bv 

S3,.  * i sin  \>  cor.  f,  - j sin  v sin  6,  + k co3  v (4  — 16) 
li  A J A 

A 

and  the  local  azimuth  angle  defined  by  is 


CCS  ( NL*q 


-sm  a 


■Air.2  v + cos*  v sin1*  X 


(4-17) 


1 


I 
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A. 

Figure  4-3.  MBTA  Local  North 
Vector 


The  orientation  of  the  $ and  p vectors  is  shown  in  Fig- 
ure 4-S.  Note  that  the  angle  SI  is  negative,  for  a U.S.  META 
torus  position  viewing  an  Atlantic  region  satellite. 

The  unit  scan  "plane'1  vector  p is  derived  from 


(R  x x K (4-18) 

" (R  x ¥)  x II 
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The  unnormalized  vector  expression  is 

p * i[-  sin  ^s(mz  + 1 - 2m  cos  v cos  X)  + cos  <J> s (m  cos  u sin  X) 
- cos2  v sin  X cos  <j>A]  + j [cos  4> s <ra2  + 1 - 2m  cos  v cos  X) 

+ sin  <}>s(in  cos  v sin  X)  - cos2  v sin  X sin  <|>A] 

+ k[-  cos  v sin  v sin  X]  (4-19) 

A computer  program  (Program  MBTA-1)  for  calculating  the 
pointing  and  geometrical  parameters  given  v and  X is  included  in 
the  appendix. 


4.3  DERIVATION  OF  OPTIMUM  ROTATION  AXIS  ANGLE, 


The  beam  of  the  MBTA  scans  over  a conical  surface,  as 
shown  in  Figure  4-10.  The  rotation  axis  angle,  40,  is  established 
by 


<? 


o 


(4-20) 


where  R is  the  pointing  vector  (beam  axis)  from  the  MBTA  to  the 
satellite  and  u is  the  rotation  axis  for  generating  the  spherical 
portion  of  the  MBTA.  A given  antenna  system  at  a specific  lati- 
tude, v,  and  differential  longitude,  X,  is  defined  by  one  fixed 
4>0  value.  With  the  antenna  support  structure  adjusted  to  place 
the  beam  on  the  geosynchronous  arc  at  one  location,  exact  beam 
pointing  with  scan  (or  equivalently  satellite  motion)  would  re- 
quire all  derivatives  of  4>q  with  respect  to  $s  (satellite 
motion  along  the  geosynchronous  arc)  to  be  zero. 
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Figure  4-10.  Conical  Beam  Scan 
Locus 


The  MBTA  geometrical  degrees  of  freedom  permit  the 
first  two  derivatives10  to  be  set  at  zero  for  an  optimum 
solution: 

££o  _ 62*0  = 0 (4-21) 

<$$s  ~ W2S 


The  rotation  axis  u is  specified  as 


A ^ 

u = ai  + bj  + ck 


(4-22) 
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Application  of  the  derivative  conditions  ^equation  (4-21)1  and 
the  normalization  condition 


M 2 1; 


l2  + b2  + c7  * 1 


(4-24) 


is  sufficient  to  determine  u = (a,  b,  c)  and  the  resulting  opti- 
mum generating  axis  angle 


4>0  « cos-1  (a,  b,  c) 


(4-25) 


A useful  identity  is 


^COS-1  * 


iu  = o 


(4-26) 


/l  - w2  <5x 


Thus,  in  general  6w/6x  = 0 unless  w2  — 1* 

By  symmetry,  the  first  derivative  of  »o  is  equal  to 
zero  for  the  co-longitude  case  (X  - 0) . Application  of  the  first 
derivative  condition  yields 

sin  t$  g (m2  + 1 - 2m  cos  v cos  X) 

+ tQ  COS  cos  v sin  ^ ” coS  ^ COS 
+ b^cos  <J>s(m2  + 1 - 2m  cos  v cos  a) 


+ m sin  <j>  s cos  u sin  X 


- cos2  v sin  ^ sin  xj  + c|-  sin  v cos  v sin  xj  = 


(4-27) 
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while  application  of  the  second  derivative  condition  yields 


a|-  cos  <j)3(m2  + 1 - m cos  v cos  X) 

+ sin  4>e (m  cos  v sin  X)  + cos2  v cos  cos  xj 

4-  b|-  sin  $s(m2  + 1 - m cos  v cos  X) 

- cos  <J>s(m  cos  v sin  X) 

+ cos2  v sin  <{>A  cos  X^  + cjsin  v cos  v cos  X^  = 0 


(4-28) 


Then 


ax^  + bx2  + cx2  = 0 (first  derivative) 


(4-29a) 


ax4  + b"5  + cx6  - 0 (second  derivative)  (4-29b) 


t2+b2+c2=l  (normalization) 


(4-29c) 


Since 


x,  = ~ tan  X x< 


(4-30) 


solving  yields 


a 

c 


+ xsh) 


(4-31a) 


b 

c 


_X6  (xsh  + X4) 


(4-31b) 


c = ± 


X4  4-  xsh 


^x|(l  + h2)  + (x4  + X5h) 


(4-31c) 
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where 

/x,  x.  - x, x.  > 

h = -L-L-.£ .J..AI 

(x3x5  - X2X6) 

Program  MBTA- 3 in  the  appendix  provides  the  optimum  generating 
axis  angle  and  the  corresponding  rotation  axis  unit  vector  compo- 
nents as  a function  of  the  antenna  longitude  and  the  MBTA  lati- 
tude and  differential  longitude. 

Figure  4-11  is  a map  of  the  optimum  MBTA  generating 
angle  as  a function  of  differential  longitude  and  latitude  coor- 
dinates. Results  for  the  northern  and  southern  hemispheres  are 
the  same.  The  spacecraft  position  is  at  the  center  of  the  map. 

The  optimum  $0  angle  is  essentially  a function  of  only  the  antenna 
latitude.  The  optimum  MBrA  generating  axis  angle  at  the  co- 
longitude point,  shown  in  Figure  4-12,  varies  from  90°  at  the 
equator  to  97.8°  over  the  present  latitude  range  of  DSCS  antenna 
locations.  The  rotation  axis  inclination  angle  relative  to  the 
polar  axis  is 

^ * cos”1(H,u)  * cos-^Cc)  (4-32) 

as  shown  in  Figure  4-13.  The  magnitude  of  the  inclination  angle 
is  shown  in  Figure  4-14.  At  latitudes  of  0°  ard  90°,  u is  iden- 
tical to  the  polar  axis;  at  intermediate  latitude  positions  it 
departs  only  slightly  from  this  orientation. 

Worldwide  deployment  of  the  KBTA  antenna  to  view  syn- 
chronous satellites  from  all  elevation  angles  -5°  requires  iden- 
tification of  the  minimum  number  of  different  reflector  designs 
(defined  by  the  angle  $0  between  the  beam  pointing  direction  and 
the  axis  of  rotation)  and  their  corresponding  region  of  applica- 
bility. If  the  angle  00  is  fixed  for  a multitude  of  MBTA  loca- 
tions, some  amount  of  orthogonal  plane  (parabolic)  beam  scan  loss 
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Figure  4—12.  Optimum  $q  Angle  vs  Latitude  at 
Co-longitude  Position 
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is  required  to  scan  and  reposition  the  beam  along  the  geostation- 
ary arc.  The  antenna  mount  positions  the  beam  exactly  at  the 
center  of  the  field  of  view  or  at  two  symmetrically  displaced 
angular  positions  about  the  center  of  the  field  of  view,  as  shown 
in  Figure  4-15.  The  scanned  beam  position (s)  will  then  depart 
somewhat,  from  the.  locus  of  pointing  directions  defining  the  geo- 
• synchronous  arc.  The  be  aid  is  repositioned  onto  the  geosynchro- 
' nous  arc  by  scanning  the  beam  in  the  parabolic  plane  of  the  MBTA. 


A 

z 


Figure  4-13.  Rotation  Axis  Inclination  Angle 

In  terras,  of  economy.,  it  is  important  to  minimize  the 
nuntiber  of  different  reflector  geometries  required  for  a system. 
One  major  objective  of  this  study  program  was  to  verify  that  a 
u ingle  reflector  geometry  would  provide  sufficient  performance 
margins  for  DSCS  applications.  Use  of  a single  reflector  geom- 
etry for  all  DSlCS  MBTA  locations',  with  only  the  reflector  support 
structures  varying  to  accommodate  different  latitude  and  differ- 
ential longitude  positions, . rassjalts  in  considerable  simplifica- 
tion for  the  overall  ante&hft. system  and  minimises  the  resultant 
antenna  fabrication  costs. 
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a)  Exact  beam  pointing  with  spherical  scan  at  center 
of  FOV 


1 ^MBTA  Beam  Locus 
j = Scan  Pointing  Error 
Satellite  Locus 


b)  Excjct  beam  pointing  with  spherical  scan  at  two 
positions  over  FOV 
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Figure  4-15.  Beam  Pointing  Loci  with  Scan 


4 -.13 


-rail-  *1 


Multiple  Bean  Torus  . COMBAT  iLiua 

Antenna  Study 

4.4  POINTIMG  BTFEC*^  OF  A SINGLE  FtX'ED  C$.  CSOMISTftY 

When  the  reflector  g waist  at  iny  axis  &ngl*»  C-q+  iu  fixed,# 
the  amount  of  pointing  error  with  beam. seen  is 

(desired  - actual)  beam  pointing  * C ($*)  - <4  — !i31 

as  shown  in  Figure  4-16.  The  anqie  $(i/s)  is  the  exact  ahqie 
between  the  fixed  uo  rotation  axis  and  the  R pointing  vector  be- 
tween the  MBTA  and  the  geosynchronous  satellite  position.  The 
antenna  geometry  fixes  $ * tfo  independent  of  the  satellite  posi- 
tion d> & as  the  beam  or  satellite  angle  changes.  Hence,  the  dif- 
ference between  the  two  is  essentially  the  beam  pointing  error 
that  must  be  corrected  by  providing  some  amount  of  bear,  scan  in 
the  parabolic  plane  of  the  MBTA.  Fixing  results  in  the  fol- 
lowing set  of  defining  equations  for  the  MBTA  reflector  rotation 
axis,  for  the  first  derivative  condition  (equation  (4-27)], 

axj  + bx2  + cx3  = 0 (4-34a) 

for  a fixed  4>q  design  [equation  (4-23)), 

ax7  + bxa  + cXg  «*  cos  4>0  »4n2  + 1 - 2m  cos  v cos  a = x10  (4-34b) 

and  for  the  normalization  condition  [equation  (4-24)], 

a2  t b2  + c2  - 1 (4- 3 4c) 
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This  set  of  equations  specifies  the  rotation  axis  parameters 
(ao,  bo,  cq)  d&  a function  o£  antenna  and  satellite  positions. 
They  are  returned  to  the,  expression 


<S>  « * cos"1  jV(<i>s)  *u0] 


(4-35) 


to  evaluate  the  0..fciigle  associated. with  exact  beam  positioning 

.over  the  geosynchronous  arc.  , 

Solving  the  preceding  set  of  equations  as  follows: 


' .1  \ !,  < , 


;/  axyx5  + bx2x5  + cx-jx5  ■ 0 
; axyx y + bx2x8  ■■+  CX2Xg,  “ x2x10 


aa4/', subtracting  yields 

• 1 • . • • • . 

/ a.(xix8  ~ x2X7)  + c(x3x8  - x2x9)  * “*3xio 


/ . ''V. 


or. 


axll  + b:c12  ~ x’3 


(4~36a) 


ax^x7  + bx2x7  + CX3X7  = 0 


ax7Xi  + bxgx^  + cxgXi  - x^Xi 


(4-36b) 

(4-36c) 


Further  subtraction  yields 


b (x2x7 


xixs)  + c(x3x7  - x1x9)  - “X^x10 
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I!  * 


1 r 


Therefore# 


To  find  o# 


. /iuN . 

V*11/ 

- (an)  - 

\x14  / 


fenY 

(Kis\ 


X17'  + cxi8 


= XJ.SS  + CX20 


2 . v*.  ^ i 2 -i 

a •*■ d + c =1 


(4-38) 


(4-39) 


where 


t i t i; 

Si 


a2  = x2?  + 2x17x18c  + x28c2 


b2  = xj9  + 2x19x10c  + x|0c2  2 


(4-40a) 


(4-4 Ob) 


Thus  , 


(X  + Xii  + x2o)  + 2C(X17X1B  + Wjo)  + (X17  + X19  " 


= c'-  uu)  + 2c  (vv)  + rr 


-vv  t vVv2  - 4uu(rr) 
2uu 

_ M 


(4-42) 


The  two  solutions  obtained  above  both  satisfy  the  first  deriva- 
tive conditions.  Although  the  antenna  scan  performance  over  a 
limited  range  (<20°  field  of  view)  is  virtually  identical,  the 

solution  provides  a better  optimum  over  a wide  field  of  view. 
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The  beam  pointing  angle  4>(ds)  is  plotted  in  Fig- 
ures 4-17  through  4-21  as  a function  of  <*>s  at  fixed  latitudes  for 
fixed  gene-ating  axis  angles  of  90°,  93° , 93.5°,  94°,  and  95.5°, 
respectively,  with  exact  pointing  at  X = 0°.  The  difference  be- 
tween S’C^g)  and  4> o is  the  error  between  the  actual  ar>d  desired 
beam  pointing  directions.  This  error  is  compensated  by  scanning 
the  beam  in  the  parabolic  plane  of  the  MBTA.  A reflector  surface 
defined  by 


4>0  = 93.5°  (4-43) 

which  symmetrizes  the  orthogonal  plane  scan  error  characteristics 
for  antenna  locations  at  0°  and  70°  latitude,  is  chosen  as  the 
optimum  solution  for  the  D3CS  application.  A field  of  view  of 
±20°  requires  less  than  0.3°  of  parabolic  plane  beam  scan  (no 
mere  than  one  beamwidth  of  scan  at  54-dB  gain,  and  no  more  than 
two  beamwidths  of  scan  at  59-dB  gain)  for  v = 0°  and  70°  lati- 
tudes. Negligible  beam  scan  error  occurs  for  v = 20°— 30° 
latitudes. 

The  scanned  beam  pointing  error  characteristics  for  the 
optimum  4>o  = 93.5°  geometry  with  exact  beam  pointing  at  X = +40° 
and  -70°  are  shown  in  Figures  4-22  and  4-23.  The  scan  character- 
istics as  a function  of  differential  longitude  are  nearly  iden- 
tical in  each  case.  Note  that  when  X = -70°  the  beam  can  be 
scanned  only  in  one  direction  to  satisfy  the  constraint  that  the 
local  elevation  angle  must  be  greater  than  5°.  This  constraint 
also  affects  the  range  of  useful  latitude  positions  (0°  to  ~±44° 
for  X-  +70°).  Table  4-1  summarises  the  scanned  beam  pointing 
error  (in  degrees)  as  a function  of  latitude  and  field  of  view 
for  the  optimum  $0  = 93.5°  geometry.  For  fields  of  view  up  to 
40*-'  and  antenna  beamwidths  corresponding  to  gains  up  to  60  dB,- 
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X>506 
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X ' 

Ui 

92 1 


.40°fOV 


v/  +io  <20  <30  *40  >50  *c0  *70 
RELATIVE  LONGITUDE,  *A  • 4>s  «DEG) 

Fiaure  4—22.  ^Ciig)  for  4>o  “ 93. 5° , 
1 * 40° 


Table  4-1.  Summary  of  Spherical  Scan  Beam  fointing 
Errors  vs  Field  of  View  and  Latitude  (4>o  * yj*-'  i 


Field  of 
View 


Latitude,  v 


?0°  40‘ 


60°  70' 


-0.019°  -0.01°  0.003°  0.004°  0.01'1’  0,01°  0.02°  0.02 
-0.07°  -0.04°  -0.01°  0.02°  0.04°  0.00°  0.07a  0.07° 
-0.16°  -0.09°  -0.02°  0.037°  0.09°  0.13°  0.16°  0.17* 
-0.29°  1-0.16°  -0.04°  0.07°  0,16°  0,23°  0.29°  0.30c 
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the performance  impact  of  orthogonal  (parabolic)  plane  scan  re- 
quirements  is  negligible,.  The  narrower  beamwiditha  associated 
with  the  20/30-GHz  bands  require  throe  to  five  bahmwi&ths  of 
orthogonal  plane  scan  and  some  performance  impact  is  noted.  If 
the  antenna  reflector  surface  is  mounted  to  provide  two  exact 
pointing  positions  over  the  field  of  view,  as  shown  in  Fig- 
ure 4-15,  the  maximum  beam  pointing  errors  are  halved.  The 
choice  between  the  two  antenna  mounting  arrangements  which  pro- 
vide either  of  the  beam  scanning  loci  shown  in  Figure  4-15  de- 
pends upon  the.  system  definition,  i.a,,  a system  in  which  all 
satellite  positions  over  the  field  of  view  are  equally  likely  or 
a system  in  which  the  mid-point  of  the  field  of  view  represents  a 
fa/ored  beam  pointing  direction. 

' The  rotation  axis  inclination  in  the  co-longitude  plane 
(X  * 0)  is  shown  in  Figure  4-24  as  a function  of  latitude  for 
fixed  $o  angles.  The  components  of  the  rotation  axis  vector  u are 
shown  in  Figure  4-25  as  a function  of  v and  1 for  an  antenna  at 
<t»A  * 0°  witn  $0  = 93.5°.  Program  JiBTA-4  in  the  appendix  provides 
the  beam  pointing  and  rotation  vector  $ characteristics  as 

a function  of  4>0,  dA/  v,  and  X. 

The  important  conclusions  are  that,  for  DSCS  applica- 
tions with  a field  of  view  up  to  40*,  a single  reflector  surface 
geometry  (4>0  * 93,5°)  is  sufficient  for  a system  deployed  world- 
wide, and  that  beam  pointing  errors  associated  with  scan  have  a 
negligible  impact  on  RF  performance. 
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This  section  develops?  and  details  the  electrical  per- 
forTPcctce  characteristics  of  the  MBTA.  The  .najor  part  of  the 
study  analysis  focuses  an  the  front-fed  offset  geometry  that  is 
not  compensated  for  spherical  aberration.  However,  phase  cor- 
rected META  systems  utilizing  either  an  aberration-correcting 
subreflector  or  an  aberration-correcting  feed  array  are  addressed 
in  tire  latter  part  of  this  section. 


5 . 1 BASIC  FREQUENCY  COI1S I DERATIONS 

The  Government  X- band  frequencies  are  considered  to  be 
the  primary  frequencies  for  optimizing  the  MBTA  design.  The 
X-bund  up-  and  down-link  bands  are  summarized  in  the  following. 
For  the  up- link  X-band : 

7.9  < frequency  fGHs)  ^ 8.4 
if  * 500  MHZ 
if /T  » 6.13% 

1.494  ^ * (in.)  > 1.406 
3.795  2.  (cm)  2.  3*569 

and  for  the  clown- link  X-band,, 

7.25  2.  frequency  (GHz)  <_  7.7? 

if  * 500  MHz 
Af/f  = 6.b75 
1.629  2.  ' dn. ) _>  1.524 
4.135  s <.  (era)  > 3.868 
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The  minimum  separation  between  the  transmit  and  receive 
frequency  bands  is 

Afaij^TRAMSMTr  - RECEIVE)  = 150  MHz  (5-1) 

This  separation  imposes  special  requirements  on  the  necessary 
filtering  arid  isolation  between  the  transmit  and  receive  fre- 
quency bands.  In  addition,  as  a result  of  this  separation,  any 
nonlinear  junction  effects  in  the  feed  or  antenna  system  can  give 
rise  to  : ntermodulation  products  that  cause  transmit  band  energy 
to  appear  in  the  receive  frequency  band  spectrum.  The  total 
X-band  frequency  rarge  gives  a design  bandwidth  of 

-----  = 14.27%  (5-2) 

fave 

The  average  wavelength  over  the  X-band  frequency  range  is 

A av* (X-band)  = 1.5  in.  (5-3) 

The  d signs  are  also  evaluated  at  commercial  frequency 

band-  d/6,  11/14,  and  20/30  GHz.  Th^  „..aracteri3tics  of  these 
frequem.  lands  are  summarized  in.  Table  5-  1. 


5 . 2 BASIC  APERTURE  DIAMETER,  GAIN,  AND 

H3SMWIDTH  CONSIDERATIONS 


Figure  5-1  summarizes  the  illumination  gain  and  beam- 
width  of  a reference  circular  aperture  antenna  system  as  a func- 
tion of  the  d meter- to-wavelength  ratio  (D/A) . The  gain  curves 
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correspond  to  65-  and  100-percent  aperture  efficiency.  The  illu- 
mination gain  curves  do  not  include  feed  or  reflector,  rms  surface 
tolerance  losses.  In  this  study  too  cases  at  the  X-band  frequen- 
cies are  ox  particular  interest: 

a.  G = 54  &B,  (D/a)  = 220,  and  do  - 0.35°;  and 

b.  G - 59  dB,  (D/X)  * 380,  and  £u  « 0,18°. 

The  diameter,  D,  versus  D/X  at  the  minimum  down-link 

and  maximum  up-link  X-band  frequencies  is  shown  in  Figure  5-2. 
Figure  5-3  shows  D versus  D/X  at  the  minimum  down-link  and  maxi- 
mum up-link  frequencies  for  all  the  frequency  oands  of  interest 
in  the  study. 


5.3  SYMMETRICAL  MBTA  FIELD  OF  VIEW,  FOCUS IMG, 

AND  FEED  ILLUMINATION  ANGLE  PARAllETERS 

A symmetrical  MBTA  geometry  with  a 90°  angle  between 
the  rotation  axis  and  beam  pointing  direction  provides  an  excel- 
lent starting  point  for  deriving  several  basic  relationships. 
Figure  5-4,  which  is  a cross  section  through  the  center  of  the 
MBTA,  indicates  the  derivation  of  the  MBTA  field  of  view  or  scan 
range  in  terms  of  the  width,  W,  of  the  reflector  aperture.  In 
this  figure, 


a 


sin"1 


(5-4) 


is  half  the  included  angle  from  the  rotation  axis  to  the  edge  of 
the  feed  illuminated  area  of  the  reflector  and 
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is  half  the  included  angle  from  the  rotation  axis  to  the  edge  of 
the  reflector  aperture.  The  maximum  scan  angle  is. 


1 smax 


<8 


' 3in'1(!i)-sin'1(§5)  (5'6) 


The  symmetrical  MBTA  field  of  view  is  then 


Figure  5-5  shows  the  field  of  view  versus  the  ratio  of  aperture 
plane  di.ttensions  (W/D)  for  fixed  D/R  ( [normalized  radius  of 
curvature]"”1)  values.  Spherical  aberration  phase  errors  decrease 
with  a larger  radius  of  curvature  (decreasing  D/R) , but  the  field 
of  view  also  decreases  if  W/D  remains  fixed. 

The  paraxial  focus  of  a spherical  reflector  is  defined 


as 


Fparaxial  = 0 . 5R  (5-9) 

This  spherical  reflector  focal  position  is  shown  in  Figure  5-6. 
Using  ray  optics,  the  problem  is  to  determine  the  feed  position, 
F,  which  is  required  to  provide  an  axially  directed  ray.  The 
solution  depends  upon  the  rays  position  in  the  aperture  plane. 
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Figure  5-5,  Symmetrical  META  Field  of'  View  vs 
W/D  at  Specified  Radius  of  Curvature  UVD) 
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Figure  5-6.  Spherical.  Reflector  Focusing 


The  distance  x = f(a)  which  provides  a.  Z directed  re- 
flected wave  from  the  spherical  reflector  is  determined  by 

R2  « 2x2[i  - cos  (ISO®  - 2a) 1 - 2x2(l  4 cos  (2a) 1 (5-10} 


Thus , 

x 1 <&« 11 > 

■£  HI  HMWI'  111" ••  """ 

R /2[1  + cos  (2a)  ] 


cos  a 


1 


m- 

hs , 
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and  i;- 


■'!  i 


t 


(5-13) 


/ ■'/''■  / •; />-- 

Solving  yields 


' * o-£/a 

■ X ; j 

r 1 

■ F 

R ' 

■ 0° 

0.5  ; 

! 

0.5 

ip* 

Q.,509  ' 

0.492 

, ae° 

0.532 

0.468 

30° 

0.577 

1 

0.423 

(5—14) 


Thus,  the  best,  fit  focal  position  for  a feed  in  the  spherical 
reflector  is 


£ < 0.5 
R '■** 


(5-15) 


where  the  exact  number  depends  upon  the  particular  geometry  and 
feed  edge  taper.  Thus,  for  the  spherical  reflector* 


£ . *Z£  - /SLl\ 

D D/R  \D/R  / 

The  feed  illumination  half  angle  -*’4-  can  be  determined  from 


( 5—15) 


f ■»  -*♦* 

ui 


u 


,y.|j 
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X2  * K2  + (R  k t')i:  - 2R(S  - £')  ®s  a 


Par  the  MBTA, 


P « 


ft1 


^2  u ftij  **  CQill. , ci 


) £ 

x » R ty'-g  - coy  w 


and 


cos  a * f 


/T 


There tore, 


cos  a 


(5- 17*) 

■5-I?b) 

CS— 17c) 

(5-iTd) 

(5-18) 
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(5-19) 


is  the  required  feed  illumination  angle  for  the  aperture  diam- 
eter 4 D.  Figure  S-7  shows  the  feed  illumination  angle  for  the 
symmetrical  'MBTA  as  a function  of  12/fr- 


figure  5-7.  Symmetrical  MBTA  Feed 
Illumination  Angle  vs  '0/S 
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For  the  sysauetric-ai  META,  the  projected  length  of  the 
feed  axe,  i , a. , the  length  c£  the  window  .site  in  the  feed  house, 
is 


whe  re 


l « 2 is  - Fj  Sin  »5:;m*x 


<5-20) 


or 


(5-21) 


Figure  5-8  shows  the  projected  length  of  the  feed  am  with  a 
21 -ft  aperture  diameter  as  a function  of  the  field  of  view  for 
fixed  D/H  values. 


c.  4 


OFFSET  REFLECTOR  FEED  POINTING  AND 
ILLUMINATION  ANGLES 


The  feed  illumination  angles  and  pointing  directions 
(direction  cosines)  for  the  offset  META  geometry  are  shown  in 
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Figure  5-9,  The  angle  to  the  bottom  portion  of  the  u^fse'c,  sec- 
tion is 


61  = tan“ 


1 f d 1 

[f  - d2/4FJ 


(5-22) 


and  the  angle  to  the  top  portion  of  the  offset  section  is 


02  = tan 


-i  r 

p - 
L 


d D 

(d  + Dp/4F 


] 


(5-23) 


Using  the  relationship 


F - 0.  5R 


yields 


0,  - tan 


-1 


( i ) 

\D/R  x d/D/ 


( I \2  - 1 

_\D/R  x d/D / J 


82  - tan 


- 1 .D/'R  x (1  + d/D)] 


6 


D/R  x (1  + d/D) 


■r- 


(5-24) 


(5-25) 


Note  that  d/D  = -0.5  yields  the  symmetrical  MBTA  geometry.  The 
feed  illumination  angle  is  defined  as 


Sin=  “ <62  “ 91> 


(5-26) 


as  she  ti  in  Figure  5-10. 
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Figure  5-9.  Offset  MBTA  Feed  Illumination 
and  Pointing  Angles 

The  feed  offset  angle,  60sf,  can  be  defined  in  two  dif- 
ferent but  useful  ways.  The  first  definition  is 


8osf  - 


( 6 2.  + 02  ^ 


(5-27) 


which  is  shown  in  Figure  5-11.  Alternatively,  0Ob£  may  be  de- 
fined to  the  center  of  the  projected  aperture  plane  as  shown  in 
Figure  5—12.  Then, 


6osf  73 


4.1 i | 

\d  + D/2/ 


i ' 

Id  + D/2 


(5-28) 
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The  increased  “space  taper"  attenuation  to  the  top  edge  of  the 
reflector  suggests,  that  an  angle  slightly  larger  than  that  given 
by  equation  (5r*26)  would  yield  optimum  gain.  The  angle  defined 
by  equation  (5-23)  ia  closer  to  optimum  although  the  differences 
are  aria'll. 


5.5  Veep  characteristics  amp  minimum  beam  spacings 


Tfes  minimum  spacing  between  adjacent  beams  in  the 
front-fed  MBTA  configuration  is  determined  by  the  diameter  of 


the  feed  horn: 


where 


Aesain  ~ 


tan”1 


(5-29) 


which  can  be  expressed  as 


d 8 am  i n 


(360°/n) (dh/X) (0/R) 

57^ 


(5-30) 


Tl\e  required  feed  horn  aperture  diameter  to  wavelength 
ratio  (d^/X)  is  determined  from  the  desired  edge  of  reflector 
illumination  taper.  For  a simple  circular  aperture  TEn  mode 
feud,  the  -10-dB  E-  and  H-plane  beamwidths  are  related  to  the 
feed  horn  diameter  as  follows: 


5-22 
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(5-31a) 


( 5—3 lb) 


For  corrugated  horn  feeds, 


9n  (-10  dB)  * 16  0° 


&) 


(5-32) 


Assuming  a -10-dB  edge  illumination  with  a corrugated 
feed  horn  and  a feed  illumination  angle 


20t  • (H2l)( l)  - 160"(^.) 


(5-33) 


and  given  that  the  half-power  beamwidth  of  the  MBTA  is 


(5-34) 


yields 


A®siain  - 2.3  Ql 


(5-35) 


Allowance  for  different  feed  types  and  extra  structural  material 
around  the  feed  horn  aperture  yields 


A®  am  in  “ (2  - 4)  Qt 


(5-36) 


The  minimum  beam  spacing  for  the  front- fed  MBTA  as  a function  of 
D/X  with  -10-  and  -20-dB  edge  tapers  from  a corrugated  horn  is 
shown  in  Figure  5-13. 
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The  measured  compl.ex  radiation  patterns  of  a well- 
designed  corrugated  horn  are  rotations lly  symmetric  and  pi'O'/ rde 
an  excellent  feed  illumination  for  the  MBTA. 11,12  The  aperture 
diameter  of  the  corrugated  horn  is  typically  oversized  relative 
to  that  of  a conventional  conical  horn  for  a specified  teed  illu- 
»i nation  anale,  but  the  minimum  beam  ppaemgs  achieved  are  ac- 
ceptable for  most  applications. 

Measured  E-  and  H-oiane  radiation  patterns  for  a cor- 
rugated feed  horn  at  3.95  GHz  are  shown  in  Figure  5-14.  The 
Gaussian-sshapeu  pattern  has  virtually  no  fidt lobes , wnich  helps 
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to  minimize  both  coupling  to ; &d  jtcfettf'  bec/r#;  im$  reflector  spill- 
ovar*.  In  addition,  the  apdrture  fields  oil  a «0;/.‘f ugated  horn  are. 
aliarply  tapered*  The  low  field  strength,  at.  the.,  edges  of  the 
apterture  results  in  both  exceptionally  low  coupling  to  adjacent 
teed  horns  and  a lack  of  spurious  radiating  currents  on  the  ex- 
terior' walls  df  the  feed  horn. 


v-i rj,»v*  g-14  Cnrruaated  Fead  Horn  Patterns 


The  sl«ccr ?cal  characteristics  of  the  MBTA  have  been 
evaluated  using  conventional  circular  and  square  aperture  feeds 
as  Vs  11  as  corrugated  horns.  A convenient  mathematical  teed  pat- 
tern description  for  the  corrugated  horn  is 
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where  and  x2  are  chosen. to  provide  the  desired  amplitude  ■coyest. 
at  a specified  off-asiis  axvgiu  5q.  the  edge  of  reflector  drnpli- 
tude  taper  in  terms  of  parameter  (xvi)  is  shown  in  Figure  !5r-JS., 
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The  -10-dD  beajnwidths  of.  each  of  tho  patterns  defined 
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5.6 


n«5  SURFACE  TOLERANCE  LOSSES 


The  gaj,n  lose  associated  with  .MBTA  surface  tolerance,, 
e,  measured  normal  to  the  reflecting  surface  . i*  given  L>yls 

Gr  ~ 10  log;  ;*y  expj^-  ~~  cos  (yoe£>"j  iD?-41} 

This  equation  accounts  for  an  effective  tolerance  in  the  beam 
direction  of 


*-  c t x " !*  cos  i^Qgf / 


\ -a  x*  *-  / 


Thus,  with  the  same  rms  surface  tolerance  specification,  the  gain 
loss  associated  with  an  offset  MBTA  is  reduced  somewhat  relative 
to  that  for  a symmetrical  MBTA  configuration,  as  shown  in  Fig- 
ures 5-16.  The  gain  lass  of  an  offset  MBTA  geometry  (i?osf  ” 25°) 
is  shown  in  Figure  5-15  ns  a function  of  the  rms  surface  toler- 
ance, e (mils! , in  each  of  the  specified  frequency  bands. 

Program  .MBTA- 5 calculates  the  gain  loss  versus  normal- 
ised surface  tolerance  (s/X)  for  fixed  feed  offset  angles.  Pro- 
gram MBTA- 6 calculates  the  gain  loss  of  the  MBTA  versus  rms 
surface  tolerance , c (mils) , for  the  fined  feed  offset  angles. 
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MATHEMATICAL  EXPRESSION  FOR  ROTATED 

paAKIcTOic  section  ' 


Figure  5-20  shews  the  coordinate  system  used  to  derive 
the  mathematical  expression  f(x,y,2)  * 0 or  f (u,v,v)  = 0 for  the 
KBT'A  reflector  surface. 
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Figure  5-20.  Geometry  for  MBTA  Reflector  Equation 


Ihe  equation  of  the  parabolic  section  in  the  tic— z ) 


plane  is 


- 4f/z  + \ = f (x, 

\ sm  <t>0/ 


z)  - 0. 


(5-43) 
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The  Irans formations  between  the  (x,,y,z)  and  (u,v,w)  coordinates 
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and 


•1 


sin  <£0  0 

0 1 
cos  40  0 


-cos  40"jj\> 

0 |J  v 

•sin  $0j|w 
J c . 


(5-45) 


The  equation  of  the  parabolic  section  expressed  in  the  (u-w) 
plane  becomes 


(u  sin  - w cos  <&0) 1 

- 4F(u  cos  ®q  + w sin  $G) 


4FH 


sm  oo 


- 0 


(5-4M 


The  equation  of  the  rotated  curve  is  generally 

v2  + *r  - (rr)2  « 0 {5-4"/) 

where  rr  is  the  radius  from  the  u axis  I determined  from  equa- 
tion (5-46) ] . Note  that 

rr  = w (5-48) 


when  v = 0.  When  <5>q  = 90°  , the  equations  are  somewhat  simplified 
to  result  in 
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Then,  since  lxfy,z}  **  (ti.vyw)  , 

f{x,y,i')  » -v4  Sx2(F^  - 'ICJ^ly2  + z2)  + 16F2;Ril  * 0 (5-51) 

Note  that  the  rotated,  .curve 'description  is  not  equivalent  to  a 
general  second -order  pc lynoiaial* 

For  the  general  angle  case,  the  equation  of  the 
reflector  surface  is  obtained  by  using-  the  same  derivation 
procedure,  but  the  resulting  equation 

f(x,y,z)  £ 0 (general  4>0)  (5-52) 

is  cumbersome . 


5.3  .APERTURE  PLANE  SPHERICAL  ABERRATION 

PHASE  ERRORS 


Inspection  of  the  aperture  plane  phase  error  character- 
istics provided  a great  deal  of  insight  into  the  RF  characteris- 
tics of  the  MBTA.  In  fact,  the  antenna  system  focal  position 
(F/R)  as  a function  of  offset  arid  D/P  is  most  economically  opti- 
mized l ■ inspecting  the  aperture  plane  phase  error  magnitudes  for 
various  F/R  positions. 

First  consider  the  path  length  differences  over  the 
aperture  of  a symmetrical  spherical  section  shown  in  Figure  5-21. 
The  path  length  from  the  feed,  F,  to  the  center  of  the  reflector 
and  back  to  the  center  of  the  aperture  plane  is  a reference: 

£0  * FO  + OF  = 2F  (5-53) 
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Figure  5-21.  Symmetrical  Spherical 
Reflector  Geometry 
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The  path  length  to  an  arbitrary  position  P on  the  spherical  re- 
flector and  back  to  the  aperture  plane  at  A is 


My)  - fp  + PA 


(*-54) 


It  is  assumed  that  reflected  rays  arrive  normal,  to  the  aperture 
plane,  which  is  very  nearly  exact  for  the  range  of  geometrical 
parameters  considered  in  this  study.  The  equation  of  the  reflec- 
tor is 


y2  + U - {R  - P)  3 2 = R2 


(5-55; 


FP  « /y2  + y: 


TK  - i~i 


(5-56) 


(5-57} 


z — (R  - F)  - 


U<i  _ vj<. 


(;5  — 58} 


Thus, 


Fir1"  = yy2  + (R  - F)2  + (R2  - y2)  - 2 (R  - F}  /i?1  - y- 
= ^R2  + (R  - F)2  - 2(R  - F)  /r2  - y2 


PA  = /r2  - y2  _ (p  - F) 


/ c c Cb  \ 

i J J*'/ 


(5-60) 
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The  phase  path,  length  difference  between  the  general  and  central 
rays,  converted  into  degrees,  is 


K>  (o,y»o) 


For  the  offset  MBTA  geometry  shown  in  Figure  $-22  with 
40  = 90°,  the  path  length  to  idle  approximate  center  (xo,0,0)  of 
the  projected  aperture  plane, 


£0  « FC  + CAi 


(5-62) 


is  taken  as  a reference.  The  equation  of  the  parabolic  curve 
section  described  in  a coordinate  system  centered  at  F is 


x2  - 4F(z  + F)  « 0 


(5-63) 


FC  = /x2  + z2 


(5-64) 


and 


CAi  = 


(5-65) 


/ 

Izi  = IF 


u.2  \ 


(5-67) 

(5-68? 

(5-69) 
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The  path  length  difference  between  the  aperture1  reference  posi- 
tion (XcrOfC)  and  an  arbitrary  aperture  location  tx,y,0)  con- 
verted to  decree-  becomes 


v i*  i y > 6 > 


For  a generalised  feed  location  (KF,yf,zJ?}  measured  from  the 
parabolic  focus. 


fc  = /u  - xF ) 2"  + {z  - zfit 


(5-76) 


and 


rr 


/ w 


w 


. > 2 + ( z - 


bd; 


(5-77} 


and  the  generalised  expression  for  the  aperture  plane  phase  error 
becomes 
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Program.  the  ''aperture  plane  phase 

e;  ror  using  tills  ^'.pre^^ion...  :tenults  for  tto . symmetrical  MBTft' 
geometry  -be-  obtained  -tyj  .udfing 


3cc  » a 


079) 


Kc  * <*  + § (5-80) 

(L 

gives  the  center  of  the  offset  projected  aperture. 

Figure.  5-23  shows  the  calculated  aperture  plane  phase 
errors  for; a symmetrical  MBTA  geometry  with  different  focusing 
parameters  (F/R) . Since  the  feed  horn  would  place  a specified 
amplitude  distribution  over  the  aperture  plane , an  F/R  ratio  be- 
tween 0.495  and  0.5  would  minimise  the  amplitude  weighted  phase 
errors  over  the  aperture  plane.  Figure  5-24  represents  the  cal- 
culated peak  qain  of  the  same  symmetrical  I4STA  (from  COMFAT's 
GAP  Program14}  as  a function  of  F/R  with  a specified  feed  illu- 
mination, P(6).  As  expected  from  the  phase  error  diagrams,  peak 
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gain  dcoutii  fair  F/R  between.  0*495  and  0,5»  Figure  5-23  also  com* 

•»  - i ‘ ■. 

pares  fcM  aperture  plane  ph-it^o  error  calculated  using  'COMSAT* s 
GAP  Program  and  equation  C S—  73) * 


f& 

Z 

-d 

<3 


Q/x  * 223  : 

ft"  ' D/W.-S  0.4-  1 

: " MO*  > 

^VMNETV.i'Ufti.  Awr 

... .,  L_ 


0.485  0.490  oms 

(fy'fc) 


0.900 


Figure  5-24.  Symmetrical  MBTA  (D/P:  - 0,4) 

Gain  vs  F/R 

Figure  5-25  shows  the  center  of  aperture  plane  phase 
errors  for  an  offset  MBTA  geometry  (D/R  - 0.4,  d/D  - 1/9 
:=  11  percent)  as  a function  of  the  feed  position  (F/1H).  Again, 
when  feed  amplitude  weightings  are  considered,  the  maximum  gain 
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(minimum  weighted  phase  error)  is  expected  for  0.48  _<  F/R  <_  0.485. 
In  Figure  5-26,  which  shows  the  calculated  gain  of  an  offset  MBTA 
with  a specified  feed  amplitude  taper,  the  middle  curve  (D/R 
= 0.4)  indicates  a maximum  gain  at  F/R  = 0.483.  The  generating 
axis  angle,  4>0,  is  slightly  different  for  the  antenna  geometries 
($0  = 90  *►  93.5°)  compared  in  these  two  figures.  The  conclusion, 
which  will  also  be  demonstrated  later,  is  that  small  changes  in 
4>0  do  not  markedly  affect  the  aperture  plane  phase  error 
distribution. 

Figure  5-27  shows  the  center  of  aperture  plane  phase 
errors  when  the  offset  distance,  d,  is  increased  to  6 ft  (d/D 
= 22  percent) . A comparison  of  Figures  5-25  and  5-27  indicates 
that  the  F/R  optimization  is  quite  sensitive  to  the  offset 
distance.  Figure  5-28  shows  the  center  of  aperture  plane  phase 
errors  for  the  D/R  =0.3  geometry.  Comparison  with  Figure  5-25 
again  demonstrates  that  the  feed  positioning  (F/R)  can  be  opti- 
mized on  the  basis  of  a relatively  simple  aperture  phase  error 
expression. 

The  full  aperture  plane  phase  errors  for  the  baseline 
MBTA  configuration  are  shown  in  Figure  5-29.  The  phase  error 
distribution  is  symmetrical  in  y,  but  the  offset  configuration 
gives  rise  to  an  asymmetrical  distribution  in  x (except  at  the 
center  of  the  aperture,  since  the  feed  is  at  the  focus  of  the 
parabolic  section) . The  effective  radius  of  the  curvature  is 
changing  as  a function  of  x [equation  (5-69)]  over  the  aperture. 
The  path  lengths  to  positions  on  the  top  portion  of  the  aperture 
are  shorter  than  those  to  the  bottom  portion  of  the  aperture. 
Hence,  the  parabolic  plane  pattern  tends  to  be  scanned  somewhat 
in  the  (-9)  direction. 

The  aperture  plane  phase  errors  can  be  directly  scaled 
by  D/A.  As  the  frequency  increases  the  edge  of  aperture  phase 
errors  increase  in  magnitude  until  voltage  contributions  from  the 
edge  of  the  aperture  actually  cause  a decrease  in  peak  gain. 


5-45 


■i'-ttsKt 


COMSAT  Labs 


Multiple  Beura  Torus 
Antenna  Study 


/VFE«.Tyr<E  E«.».dr 


Fiqure  5-29.  Offset  (11%)  MBTA  (D/F  - 0.4)  Aperture 
plane  Phase  Errors  with  Optimum  Focusing 
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Maximum  gain  is  then  achieved  by  illuminating  only  an  inner  por- 
tion of  the  pi.yi'ical  aperture,  D.  Figure  5-30  shows  the  cal- 
culated gain  of  the  baseline  offset  MBTA  geometry  at  30  GHz  as  a 
function  of  the  -10-dB  feed  beamwidth.  Maximum  gain  occurs  when 
the  -10-dB  feed  illumination  angle  is  2 * 13°  = 26°.  If  the  full 
physical  aperture  is  illuminated  with  a feed  illumination  angle 
of  2 x 21°  = 42°,  the  peak  gain  is  reduced  by  0.9  dB. 
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Figure  5-30.  Gain  vs  Feed  Illumination  Angle 
at  30  GHz  (baseline  MBTA) 

The  full  aperture  plane  phase  error  distribution  for  a 
D/R  = 0.5  offset  geometry  is  shown  in  Figure  5-31.  Peak  gain 
occurs  when  the  -10-dE  feed  illumination  angle  projects  to  the 
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Figure  5-31.  Offset  Cll%)  MBTA  (D/R  = 0.5)  Aperture 
Plane  Phase  Errors  with  Optimum  Focusing 
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dashed  circular  aperture  shown  in  the  figure.  The  average  edge 
of  aperture  phase  error  on  the  dashed  optimum  aperture  is  = 120°. 
The  peak  gain  versus  the  -10-dB  beamwidth  is  plotted  in  Fig- 
ure 5-32.  If  the  full  aperture  is  illuminated,  the  peak  gain  is 
reduced  by  1.4  dB . 


ilSlS  isl  Hfl  1S8  SRSESSi 


!■ 


Figure  5-32.  Gain  vs  Feed  Illumination  Angle  at  30  GHz 

(D/R  = 0.5  geometry) 


The  aperture  plane  phase  error  expression  for  an  MBTA 
with  a general  $c  angle  is  derived  by  using  the  geometry  shown  in 
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Figure  5-33.  The  description  of  the  central  path  length  ray  to 
is  identical  to  the  previous  results  derived  for  the  special  case 
of  40  ■ 90°  [equation  (5-66)].  The  equation  of  the  rotated  para- 
bolic section  is 


v2  + w2  - R2  (u)  = 0 


(5-81) 


y2  + I - cos  <S>qX  + sin 


®Q/a S -VP  - R2  (u)  (5-82) 

°\  sin  - »7j 


R(u)  = W 


(5-83) 


(when  v = y = 0)  is  obtained  from  the  equation  for  the  parabolic 


section : 


x2  - 4F(z  + F)  « 0 


(5-84) 


(sin  $0u  - cos  4>0w)2  - 4F(cos  ^0u  + sin  Scw  + F)  ■ 0 <5“85' 


as  the  general  equation  of  the  MBTA  rotated,  surface. 
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Figure  5-33.  Geometry  for  General  <-q  Reflector  Surface 

The  general  aperture  plane  phase  error  expression  for 
arbitrary  t0  and  feed  position  (xF#yF,zF)  relative  to  the  para- 
bolic focu  referenced  to  the  phase  at  (xc#0,0)  in  the  aperture 
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where  z is  found  from  the  reflector  surface  equation  f(x,y,z) 
- 0. 


5.$  PARABOLIC  PLANE  SCANNED  SEAM  PEED  POSITIONS 

AND  SCMTSSiN  LOSS 


The  aperture  plane  phase  error  expressions  derived  in 
the  previous  subsection  can  be  utilized  to  determine  to  a first 
order  the  feed  positions  (x£S, 0,zit)  required  to  scan  the  para- 
bolic plane  pattern.  The  sum  of  the  phase  errors  at  the  top  ana 
bottom  of  the  aperture  plane  in  the  y «*  0 (parabolic)  plane  is 
equated  to  zero : 

Err (Xf fci'Zf * ‘Hx  = a * D,0,0)  *-  y(x  * d,0,0)  “ 0 (5-87) 

A family  of  (X£g,Z£g)  feed  positions  which  satisfy  this  equation 
is  obtained*  Each  set  is  associated  with  an  absolute  phase  error 
difference  across  the  aperture  plane  that  corresponds  to  the 
scanned  beam  location.  If  the  aperture  phase  errors  at  the  top 
and  bottom  of  the  aperture  are  i’l  and  -Aw  respectively,  the 
scanned  beam  position  is 

6S  - tan"1  (--JSL—)  (5-88) 

£ \180a  x D/X/ 

Since  the  expresnion  for  AO  is  directly  proportional  to  D/X,  the 
scanned  beam  location  is  independent  of  frequency. 

For  small  scan  angles, 

At*  (dsg)  * $5  (deg)  * ~ (5-89) 


5-55 


Multiple  Beam  Torus 
Antenna  Study 


COMSAT  Lab  a 


Program  MBTA-9  calculates  the  scanned  beam  feed  positions  and 
associated  3can  angle. 

Figure  5-34  shows  the  locus  of  scanned  beam  feed  posi- 
tions calculated  by  using  equation  (5-87)  and  the  corresponding 
parabolic  plane  scan  angle  for  the  baseline  MBTA  geometry.  The 
calculated  scan  beam  feed  positions  were  then  verified  using 
COMSAT'S  GAP  program.  The  full  aperture  integration  (GAP)  in- 
cludes the  effects  of  feed  amplitude  weighting.  The  peak  gain  as 
a function  of  parabolic  plane  beam  scan  is  shown  ir;  Figure  5-35 
for  the  baseline  MBTA.  Note  that  the  scan  gain  loss  characteris- 
tic is  not  symmetrical  as  a result  of  differential  feed  amplitude 
weighting  effects. 

The  space  taper  amplitude  varies  differentially  with 
scan.  The  maximum  loss  at  ±2.5°  is  2 dB  at  D/A  = 223. 


5.10  SPHERICAL  GENERATING  CURVE  MBTA 


For  applications  which  require  a considerable  amount  of 
scan  (or  beamwidths  of  scan)  in.  a plane  perpendicular  to  the  geo- 
synchronous arc,  the  use  of  a spherical  generating  curve  for  the 
MBTA  may  prove  useful.  The  reflector  system  can  then  be  designed 
to  have  a constant  gain  for  a specified  out-of-plane  scan  re- 
quirement. This  constant  gain  will  be  lower  than  the  gain 
achieved  with  the  parabolic  generating  curve  when  there  is  no 
scan.  In  addition,  it  requires  the  reflector  diameter  to  be  in- 
creased to  provide  a full  aperture  illumination  with  the  maximum 
scan  angles.  The  geometry  of  an  offset  MBTA  using  a spherical 
generating  section  with  a generating  axis  angle,  $0  = 90°  is 
shown  in  Figure  5-36. 
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The  equation  of  the  spherical  cross  section  in  the 
0 plane  is 


x2  + [z  - (R  - FH2  * R2 


(5-90) 


z = (R  - F)  - 


The  radius  of  curvature  about  the  rotation  axis,  u,  is 


R(X)  - vl&r  - X' 


The  general  rotated  plane  curve  is  described  by 


z = (R  - F)  - /R*  - y-2  - y2 


(5-91) 


(5-92) 


(5-93) 


The  path  length  for  a ray  from  a general  feed  position  (xpfypfzF) 
relative  to  F into  the  aperture  plane  (x,y,0)  is 


£(x,y,0)  = y (x  - xf)2  + (y  - yF)2  + |(R  - F)  - SR*  - x<  - y*  - zF 


+ /r2  - x2  - ^ - (R  - F) 


and  the  aperture  plane  phase  error  expression  is 


(5-94) 


4'(x,y,0)  = 360 


^D^j*i(x,y,0)  - ft  (xo,0, 0)  J 


(5-95) 


The  aperture  plane  phase  errors  in  the  y - 0 plane,  are  plotted  in 
Figures  5-37  and  5-38  for  two  geometries  that  are  similar  to 
those  considered  lor  the  MBTA  baseline  configuration. 
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5.11  ILLUMINATION  GAIN  OF  FRONT- FED  MBTA 

The  illumination  gain  of  the  front-fed  offset  reflector 
MBTA,  excluding  feed  system  or  reflector  rms  surface  tolerance 
losses,  is  summarized  in  Figure  5-39.  The  gain  for  a 10-percent 
offset  (d/D  = 0.1)  and  a 93.5°  generating  a.  is  angle  is  shown  as 
a function  of  D/A  for  fixed  D/R  values.  Gain  increases  as  the 
radius  of  curvature  increases.  Because  of  edge-of -aperture  phase 
errors,  the  tradeoff  between  peak  gain  and  feed  illumination 
taper  is  slower  for  the  MBTA  than  for  a conventional  parabola. 

The  aperture  illumination  gain  versus  feed  edge  taper  is  shown  in 
Figure  5-40  for  the  baseline  MBTA  geometry.  A feed  edge  taper  of 
-15  dB  virtually  eliminates  feed  spillover  past  the  reflector 
with  little  impact  on  peak  gain. 

The  aperture  illumination  gain  versus  errors  in  the 
feed  offset  angle,  9osf,  is  shown  in  Figure  5-41  for  the  baseline 
antenna.  Variation  of  8osf  produced  no  changes  in  the  beam  point- 
ing direction.  A ±2°  variation  about  the  calculated  0OS£  angle 
is  required  before  a decrease  .in  gain  is  noted. 

The  illumination  gain  of  the  baseline  27-f t-diameter 
MBTA  as  a function  of  frequency  from  3.7  to  31  GHz  is  shown  in 
Figure  5-42.  An  11-percent  offset  is  utilized  to  ensure  that  the 
aperture  plane  is  unblocked  by  the  feed  (or  feed  house)  at  the 
extreme  parabolic  plane  scan  position.  The  horn  diameter  must  be 
used  in  conjunction  with  Figure  5-34  to  determine  the  minimum 
offset  distance.  In  addition,  an  allowance  for  the  roof  of  the 
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room  housing  the  feed/rail  structure  must  be  included.  The  D/R 
=0.4  geometry  provides  an  optimum  54-dB  X-band  gain  solution  for 
a 20 40°  field  of  view.  [The  solution  is  optimum  in  the  sense 
of  minimizing  the  overall  reflector  area  and  ratio  of  reflector 
aperture  dimensions  (W/D)  and  ultimately  cost.] 

The  relative  projected  aperture  area  of  the  MBTA  is 


area  = WD 

if  the  comer  panels  are  not  rounded.  Since 


(5-96) 


(5-97) 


then 


= ,(.7T/1-80°),  fov  + 1 (5-9 

t T\  / T}  \ 

U \.u/ 

\ 

The  projected  aperture  area1 5 of  the  MBTA  as  a function  of  D/R 
for  fixed  field  of  view  requirements  is  shown  in  Figure  5-43. 
Contours  of  equal  projected  aperture  areas  can  be  placed  on  the 
illumination  gain  curves  for  a fixed  field  of  view  requirement, 
as  shown  in  Figure  5-44.  The  relationship  between  D/A  and  D/R, 
given  a fixed  area  and  field  of  view,  is 


D _ ' (area/A2)  ' 

\ ~ T ([  (tt/180°)/(D/R)  ] FOV0  + l' 
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These  curves  ere  quite  helpful  in  arriving  at  a first-order  opti- 
mum KCTA  solution.  Given  a specified  gain  and  field  of  view  at  a 
design  frequency t the  contours  of  equal  projected  aperture  area 
identity  the  optimum  D/R  georetry. 


(0/R) 

Figure  5-43.  Projected  Aperture  Area  of  MBTA 


5 . 12  OFFSET  MBTA  FIELD  OF  VIEW  AND  SCANHED 

FEED  PARAMETERS 

The  relationship  between  the  MBTA  field  of  view  and  tae 
ratio  of  aperture  plane  dimensions  for  the  offset  geometry  is 


5-6R 


i-  m 


Gain  (de.> 


COMBAT  Labi 


Multiple  3eam  Torus 
Antenna  Study 


(OM) 
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(5-100) 


(5-101) 


where  the  ratio  of  the  radius  at  the  center  of  the  aperture 
plane,  Rc , to  the  radius,  R,  shown  in  Figure  5-45  is 


Rc 

— - 1 + cos 
R 


sin 


(D/R)2/Xc\2 
° 4 (F/R) \D  / 


(5-102) 


The  field  of  view  versus  W/D  for  the  10-percent  offset 
geometry  is  shown  in  Figure  5-46.  Comparison  of  the  field  of  view 
in  this  figure  with  that  for  a symmetrical  MBTA  (Figure  5-5)  in- 
dicates that  the  shorter  radius  of  curvature  at  the  center  of  the 
aperture  for  an  offset  geometry  increases  the  field  of  view  for  a 
fixed  W/D  ratio.  Program  MBTA- 2 calculates  the  field  of  view 
versus  reflector  parameters. 

The  locus  of  teed  phase  center  positions  as  a function 
of  spherical  scan  is  derived  from  the  geometry  in  Figure  5-47. 

The  feed  arc  is  defined  in  the  v-w  plane  as  the  feed  revolves 
around  the  rotation  axis,  u.  The  scanned  beam  locus  does  not  lie 
in  the  v-w  plane,  but  the  maximum  angular  deviation  out  of  this 
plane  is  2($0  - 90°)  for  a full  ±130°  field  of  view.  The  beam 
scan  angle,  9S,  is  assumed  to  be  the  beam  angle  projected  into 
the  w-v  plane.  The  coordinates  of  the  feed  phase  center  as  a 
function  of  tha  beam  scan  angle  are  then 
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Wf  = - (R  - F sin  <£>0)  cos  8j 


(5-103) 


vf  = ± (R  - F sin  $0)  sin  6£ 


(5-104) 


Using  the  coordinate  transformation  in  equation  (5-45)  and  trans- 
lating to  an  (x,y,z)  system  with  origin  at  the  focus  yields 


xF  = (R  - F sin  $0)  cos  $n(cos  0S  - 1) 


(5-105) 


yF  = ± (R  - F sin  <J>0)  sin  ei 


(5-106) 


(R  - F sin  <&0) 


ZF 


sin 


— Jl  - cos2  $0  - sin2  $0  cos  6SJ  (5-107) 


When  normalized  to  the  diameter,  D,  the  feed  phase  center  loca- 
tions as  a function  of  the  spherical  scan,  0S,  are 


xF 


COS  (cos 


®s 


1) 


yp  = ±D^|^1  - | sin  <i>0^  sin  6t 


sin  4>0 


) 


1 - cos2  4>0  - sin2  4>0  cos 
sin  $o 


(5-108) 

(5-109) 

(5-110) 


relative  to  an  origin  at  the  parabolic  focus  (0,0,0). 
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The  direction  consines  defining  the  feed  pointing  axis 
and  orientation  as  functions  of  scan  are  also  required.  The  feed 
pointing  axis,  Zp,  is  shown  in  Figure  5-45.  The  projection  of 
the  Zp  axis  onto  the  v-w  plane  yields 


u = sin 

t ®osf 

+ ($0  - 

90°)  ] 

(5-113) 

v = ± sin  8 s 

cos 

[ 9 o s f + 

o 

1 

tD 

o 

o 

(5-11*) 

w = - cos  es 

cos 

[Sosf  + 

(<P0  - 90°)] 

(5-115) 

The  direction  cosines  for  the  feed  pointing  in  the  (x,y,z)  co- 
ordinates with  the  origin  at  the  parabolic  focus  are 

= sin  QOSf  (sin2  $q  + cos2  <f>o  cos  9S) 

+ cos  6osf  sin  $o  cos  $o(cos  es  “ 1)  (5-116) 

ay  = - sin  0a(cos  0Osf  sin  $o  + sin  0Osf  cos  4>o)  (5-117) 

az  = sin  0osf  sin  C>0  cos  <50(1  - cos  0S) 

- cos  6osf(cos2  4>o  + sm2  <i>o  cos  0s)  (5-118) 

and 

+■  + a \ = 1 (5-119) 

Program  MBTA-10  calculates  the  feed  phase  center  position  rela- 
tive to  the  initial  focus  given  the  desired  scan  angle.  It  also 
furnishes  the  direction  cosines  for  the  feed  pointing. 
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5. IB  PATTERNS  AND  POLARIZATION 


The  principal  plane  linearly  polarized  patterns  for  the 
baseline  27-ft-diameter  MBTA  axe  shown  in  Figures  5-48  and  5-49. 
In  the  geosynchronous  plane  ($  = 90°)  , the  pattern  is  symmetrical 
in  6,  first  sidelobe  levels  are  below  30  dB,  and  the  maximum 
cross-polarization  lobe  for  a corrugated  feed  horn  is  33  dB.  The 
half-power  beamwidth  is  0.36°.  In  the  plane  of  the  offset  para- 
bolic section  ($  '**  0°)  , the  pattern  is  slightly  asymmetrical  due 
to  asymmetrical  amplitude  and  phase  aperture  distributions.  A 
small  amount  of  beam  scan  is  noted  when  the  feed  is  at  the  para- 
bolic focus,  and  the  half-power  beamwidth  is  0.34°.  These  pat- 
terns were  calculated  using  a -10.6-dB  feed  taper  over  the  feed 
illumination  angle  of  42.4°.  Increasing  the  feed  edge  taper  to 
-15  dB  virtually  eliminates  feed  spillover  energy  past  the  re- 
flector with  only  a 0.2-dB  gain  loss.  A 3X  circular  aperture 
conical  horn  provides  an  identical  pattern  in  the  <f>  - 90°  plane 
and  a slightly  narrower  pattern  in  the  $ = 0°  plane.  However,  the 
maximum  cross-polarization  levels  increase  to  25  dB  as  a result 
of  unequal  E-  and  H-piane  pattern  amplitude  functions  from  the 
conical  horn  aperture. 

The  large  effective  F/D  = 1.25  of  the  baseline  MBTA 
configuration  means  that  circularly  polarized  beam  squint  effects 
are  negligible.  The  circular  cross-polarization  response  is 
essentially  determined  by  the  polarization  characteristics  of  the 
feed  system. 1 6 • 1 7 

The  wide-angle  si.delobe  characteristics  of  the  baseline 
MBTA  at  x-band  to  ±5°  are  shown  in  Figures  5-50  and  5-51.  The 
sidelobe  envelopes  are  well  below  the  32  - 25  log10  6 crite- 
ria. 18' 19  The  lack  of  a Cassegrain  subreflector  with  its  feed 
spillover  contributions  to  the  sidelobe  envelope  and  feed  or 
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sabre flee tor/spar  blockage  provide  the  offset  MBTA  with  excep- 
tional wide-angle  sidelobe  envelopes.  The  principal  plane  pat- 
terns of  the  27-ft-diamater  MBTA  (D/R  = 0.4)  geometry  in  the  4-/ 
12- , and  30-GHz  receive  bands  are  shown  in  Figures  5-52  through 
5-57.  The  higher  frequency  band  patterns  indicate  the  effects  of 
spherical  aberration  in  the  offset  reflector.  The  - 90°  pat-, 
tern  broadens  symmetrically,  while  the  $ s C°  pattern  becomes 
more  asymmetrical  and  the  -6  scanning  effect  is  more  visible.  A 
corrugated  feed  horn  pattern  was  used  to  calculate  these  results. 

The  .X-band  patterns  for  a 48-ft-diameter  MBTA  with  D/R 
*0.3  are  shown  in  Figures  5-58  and  5-59.  A corrugated  feed  horn 
pattern  was  utilized  for  the  pattern  calculations.  The  maximum 
cross-polarization  lobe  is  lower  for  the  D/R  = 0.3  geometry, 
since  the  reflector  surface  is  flatter.  Figure  5-60  shows  the 
D/R  = 0.3  offset  geometry  approximately  to  scale. 


5.14  NOISE  TEMPERATURE  AND  FEED  SPILLOVER 


The  calculated  and  measured  antenna  noise  temperatures 
for  the  offset  front- fed  MBTA  are  remarkably  good.  The  antenna 
temperature  measured  on  COMSAT  Laboratories'  32-  x 55-ft  MBTA 
(elevation  angle  = 21.6°)  was  23  K at  3.95  GHz. 

Exceptional  noise  temperature  characteristics  are  a re- 
sult of  the  following: 

a.  a corrugated  feed  horn  with  a rotationally  symmetric 
(Gaussian)  amplitude  pattern  which  has  virtually  no  sidelobes, 

b.  the  lack  of  aperture  blockage  (feed,  subreflector,  or 
spars)  and  forward  feed  spillover  past  a subreflector  (Cassegrain 
geometries) , and 

c.  an  oversize  reflecting  aperture  relative  to  the  re- 
quired aperture  area,  which  also  reduces  reflector  spillover. 
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0/R  = 0.3 
d0  *0.1*0 


The  corrugated  feed  horn  patterns  minimize  feed  spill- 
over energy  past  the  reflector.  In  addition,  the  corrugated  horn 
has  exceptionally  low  backscatter  patterns  as  a result  of  the 
highly  tapered  feed  horn  amplitude  distribution.  Electromagnetic 
fields  are  zero  at  the  edges  of.  the  aperture.  Hence,  exterior 
currents,  which  would  contribute  to  a backscatter  pattern,  are 
not  induced  on  the  outside  of  the  horn. 

The  percentage  of  corrugated  feed  horn  energy  beyond  a 
specified  amplitude  level  is 


180°  r 360' 


spillover  = 


0 r 

6 0 ‘'o 


P ( 9)  sin  6 d0  d$> 


f 180°  /-360s 

I / P(0)  sin  6 d8  d$ 

•'o  •'o 


(5-120) 


where  8q  is  one-half  the  feed  illumination  angle. 
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With  a rotationally  symmetric  feed  amplitude  pattern, 
the  feed  spillover  beyond  a specified  illumination  half-angle  is 


spillover  = 


P ( 0 ) sin  0 d6 


P(0)  sin  0 d6 


(5-121) 


Figure  5-61  shows  the  spillover  characteristics  of  corrugated 
feed  horns  with  beamwidths  applicable  to  the  offset  MBTA  geom- 
etries. A -10-dB  edge  taper  over  the  28f  = 24.4°  feed  illumina- 
tion angle  of  the  baseline  D = 27  ft,  D/R  = 0.4  geometry  gives 
less  than  0.57  dB  of  spillover.  Increasing  the  edge  taper  to 
-15  dB  reduces  the  spillover  to  0.18  dB. 

The  lack  of  aperture  blockage  and  forward  feed  spillover 
past  a subreflector  results  in  excellent  wide-angle  sidelobes  for 
the  MBTA.  Aperture  blockage  raises  the  average  sidelobe  level 
and  is  a major  source  of  wide-angle  scatter  in  large -aperture  an- 
tenna systems.  Forward  feed  spillover  in  Cassegrain  geometries 
partially  couples  to  a warm  earth  and  generally  gives  rise  to  a 
significant  sidelobe  contribution  along  the  geostationary  arc  at 
an  angle  off  the  beam  axis  that  corresponds  to  the  feed  spillover 
angle  past  the  subreflector.  The  gain  (in  dBi)  of  this  sidelobe 
contribution  is  the  feed  system  gain  at  the  specified  angle  if 
the  feed  spillover  contribution  is  significantly  larger  than  the 
sidelobe  contribution  of  the  reflector  aperture  illumination. 

Figure  5-62  shows  the  aperture  illuminated  areas  on  the 
MBTA  for  beams  at  the  center  and  edge  of  the  field  of  view.  For 
the  majority  of  beam  positions,  most  of  the  feed  “spillover"  past 
I the  circular  illumination  area  is  collimated  by  the  reflector  and 

appears  in  the  main  beam. 
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Figure  5-62.  Extended  MBTA  Aperture  Area 
Decreases  Feed  Spillover 


The  calculated  antenna  temperature  characteristics  cf 
the  offset  MBTA  at  X-band  are  shown  in  Figure  5~63  as  a function 
of  the  local  elevation  angle.  This  curve,  which  is  applicable  to 
both  the  D - 27  ft  and  D = 48  ft  MBTA  geometries,  includes  0.1-dB 
feed  system  losses.  Additional  losses  would  add 
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aberration-correcting  subreflectors 


Aberration-correcting  subref lectors2 0 have  been  inves- 
tigated at  COMSAT  Laboratories  as  a means  of  obtaining  better 
aperture  illumination  efficiencies  in  large-aperture  (D/X  > 300) 
offset  MBTA  antennas.  The  correcting  subreflector  concept,  shewn 
in  Figure  5-64,  involves  the  design  of  a second  reflecting  sur- 
face between  the  aperture  plane  of  the  MBTA  and  a designated  feed 
position  so  that  the  path  length  from  any  point  in  the  aperture 
to  the  feed  position  is  identical.  To  realise  a reasonably  shaped 
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subxef lector  design,  it  was  found  necessary  to  displace  the  para- 
bolic and  spherical  foci  of  the  MBTA.  Hence,  because  the  cor- 
rected HBTA  reflector  has  very  poor  efficiency  when  utilised  with 
a focal  point  feed,  all  frequency  bands  iranges  of  B/X)  that  uti- 
lize the  corrected  MBTA  configuration  must  operate  in  conjunction 
with  a correcting  subreflector. 

In  principle,  a correcting  subxef lectox  could  improve 
the  aperture  illumination  efficiency  associated  with  the  smaller 
radius  of  curvature  MBTA  design  (D/R  = 0.5)  and  permit  the  use  of 
smaller  aperture  dimension  ratios  {N/D)  for  a specified  field  of 
view.  The  correcting  subreflectcr  surface  is  lossless  and  a sim- 
ple feed  horn  is  used. 

There  are  several  disadvantages  associated  with  the  use 
of  an  aberration-correcting  subreflector.  The  first  is  the 
mechanical  complexity  associated  witn  the  feed/subreflector  sys- 
tem. The  feed  and  subreflector  must  be  carefully  aligned  and 
must  maintain  their  alignment  while  both  travel  on  different 
radii  of  curvature  to  scan  the  beam.  For  larger  aperture  X-band 
antennas,  the  subreflector  diameter  would  typically  be  5—10  ft 
and  the  precision  subreflector  surface  required  would  have  to  be 
protected. 

Use  of  the  aberration-correcting  subreflector  results 
in  a considerable  increase  in  the  minimum  beam  spacing  along  the 
geosynchronous  arc.  Figure  5-65  shows  that  the  diameter  of  the 
subreflector  limits  the  minimum  beam  spacing  rather  than  the 
diameter  of  the  feed  horn  aperture.  Figure  5-66  is  a photograph 
of  the  correcting  subreflector  that  was  designed  and  tested  on  a 
10-ft  scale  model  torus  at  COMSAT  Laboratories.  The  aberration- 
correcting  torus  demonstrated  aperture  illumination  efficiencies 
of  n = 72  percent  for  D/X  <_  43C.  The  -10-in.  correcting  subre- 
flector diameter  for  the  10-ft  scale  model  would  correspond  to 
4 feet  for  a 48-ft-diameter  MBTA. 
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ABERRATION-CORRECTING  FEEDS 


AS  a second  method  of  offsetting  the  spherical  aberra- 
tion associated  with  large-aperture  MBTAs,  COMSAT  Laboratories 
has  developed  a unique  aberration-correcting  feed  system  con- 
cept.21 The  primary  feed  illumination  phase  pattern  is  designed 
to  compensate  for  the  spherical  aberration  phase  errors22'23  of 
the  reflector  system.  The  feed  system  required  to  correct  for 
spherical  aberration  affects  has  the  characteristics  shown  in 
Figure  5-67.  The  amplitude  pattern  is  rotationally  symmetric. 

The  phase  patterns,  which  are  uniform  in  the  plane  of  the  para- 
bolic section,  have  a phase  characteristic  in  orthogonal  direc- 
tions which  is  the  inverse  cf  the  phase  error  introduced  by  the 
spherical  aberration  of  the  reflector. 

A simple  3-element  array  implementation  of  an 
aberration-correcting  feed  system  is  shown  in  Figure  5-68.  If 
the  element  pattern  factors  associated  with  the  central  and  outer 
elements  are  respectively  cos111  (x^e)  and  cosn2  (x20),  the  feed 
array  voltage  becomes 


E(G,<{))  = cos111  (x^e) 

+ 2a  cos112  (x20)  eJ 8 cos  ^2tt  j sin  6 sin  i^j  (5-12 

The  greatest  amount  of  phase  variation  in  the  = 90°  plane  is 
obtained  for  a given  outer  element  amplitude  weight,  a,  by 
Se L ting 


3} 


3 = ±90‘ 


The  phase  pattern  in  the  non-arrayed  p3ane  is  then 


'M  8,0°)  = tan 


-1 


2a  oosn2  (X28) 
cosnl  (xi0) 


(5-124) 
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Figure  5-67.  Primary  Pattern  Characteristics  of 
Aberration-Correcting  Feed  System 
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The  ampliLvV  of  this  phase  distribution  is  determined  primarily 
by  a,  the  relative  voltage  weight  of  the  two  outer  array  elements; 
the  spatial  distribution  is  determined  primarily  by  d/X,  the  feed 
element  diameters.  Figure  5- 69  shows  the  amplitude  and  phase 
patterns  of  a 3-element  array.  There  is  generally  a tradeoff 
between,  the  desired  amplitude  and  phase  patterns.  In  terms  of 
transmission,  the  outer  feec.  elements  can  be  assumed  to  create 
“mini-beams"  in  the  geosynchronous  arc  plane  which  are  phased  to 
narrow  the  beam  provided  by  the  central  feed  element. 

Figure  5-70  shows  5-  and  7-element  array  feeds  that 
provide  additional  degrees  of  freedom  in  realizing  aberration- 
correcting  feed  arrays.  The  corrected  and  uncorrected  principal 
plane  patterns  of  a symmetrical  MBTA  geometry  (D/'X  = 1000,  D/R 
= 0.5)  are  shown  in  Figure  5-71.  A 5-element  array  feed  improves 
tiie  directivity  by  0.8  dB,  and  the  overall  aperture  illumination 
efficiency,  n,  increases  from  60  to  72  percent.  The  corrected 
and  uncorrecteu  patterns  in  the  geosynchronous  plane  for  an  off- 
set MBTA  (D/X  = 820,  D/R  *=  0.4,  and  10-percent  offset)  are  com- 
pared in  Figure  5-72.  The  directivity  improves  by  1.3  dB  with  a 
4-element  aberration-correcting  feed. 

Further  work  is  necessary  to  fully  evaluate  the  capa- 
bilities of  aberration-correcting  feed  systems  in  the  MBTA.  The 
improvement  in  beam  directivity  must  be  weighed  against  increased 
feed  system  complexity  and  losses.  One  major  advantage  of  the 
correcting  f«ed  system  is  that  it  is  used  with  MBTA  geometries 
designed  for  focal  point  feeds.  Hence,  lower  frequency  bands  can 
utilize  a single  focal  point  feed,  while  higher  frequency  bands 
associated  with  increased  spherical  aberration  can  utilize  an 
aberration-correcting  feed  array.  Of  course,  the  minimum  beam 
spacing  increases  with  the  effective  diameter  of  the  aberration- 
correcting  feed  system. 
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Figure  5-69.  Primary  Pattern  Characteristics  of 
3-Element  Aberration-Correcting  Feed 
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Symmetrical  MBTA  Patterns  (D/R  « o.4,  D/X  •=  1000)  with 
5-Element  Aberration-Correcting  Feed 
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6.  MECHANICAL  AND  STRUCTURAL  CHARACTERISTICS 
OF  THE  UNCORRECTED  FRONT- FED  MBTA 


6.1  WORLDWIDE  DEPLOYMENT  CONSIDERATIONS 

The  decision  to  restrict  detailed  mechanical  and  struc- 
tural analysis  to  the  case  of  54-dB  gain  at  7.25  GHz  resulted  in 
the  selection  of  the  27 -ft  aperture  as  the  basic  MBTA  to  be  con- 
sidered. Fixing  electrical  performance  parameters  such  as  $q, 
FOV,  D/R,  F/R,  and  D/X  yields  an  overall  aecnanical  description 
of  the  reflector  as  summarized  in  the  specifications  table.  The 
projected  aperture  dimensions,  W x D,  are  60  x 27  ft  (18  x 8 m) , 
with  the  generating  parabola  vertex  offset  from  the  bottom  edge 
of  the  reflector  by  3 ft  <0.9  m) . The  aperture  width/diameter 
(W/D)  parameter  is  related  to  the  electrical  parameters  FOV  and 
D/R  as  follows : 


w 

sin  (FOV) 

fovkad 

D “ 

D/R 

D/R 

•» 

The  amount  of  offset,  d,  of  the  bottom  edge  of  the  parabola  from 
the  feed  center  is  based  on  mechanical  criteria  of  feed  rail  sup- 
port and  expected  building  roof  dimensions  as  well  as  the  amount 
of  parabolic  plane  beam  scan  required.  This  distance  enables  the 
construction  or  an  enclosed  feed  siiuciuj.e  without  aperture  area 
blockage. 

The  use  of  one  reflector  geometry  for  worldwide  deploy- 
ment by  DSCS  was  possible  once  a single  angle  of  generation, 
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was  found  to  satisfy  electrical  performance  criteria  at  all  loca- 
tions. The  range  of  latitudes  and  differential  longitudes  to 
which  the  torus  geometry  is  applicable  varies  from  0°  to  75®, 
corresponding  to  locations  with  elevation  angles  greater  than  5°. 

Mechanical  description  of  the  single  reflector/backup 
structure  begins  with  the  generating  parabola  definition, 

z “ 2 

- ~ (6-2) 


where  the  focal  length,  F,  is  defined  on  the  basis  of  parameters 
D,  D/R,  and  F/R.  Figure  6-1  shows  the  rotation  of  the  generating 
parabola  into  the  .local  coordinates  system  x,y,z  according  to  the 
transformation 
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where  a = $0  - 90 

0 

• 

(6-3) 


Figure  6-2  shows  the  derivation  of  the  angle  of  circu- 
lar rotation; 


6 - FOV°  + 2 sin-1  — 1 (6-4) 

j 

where  Rmid  "th©  radius  of  curvature  at  reflector  aperture 
height  d + D/2.  These  two  rotations  define  the  parabolic  torus 
surface  in  the  local  coordinate  system.  If  a common  backup  struc- 
ture is  defined  in  the  x,y,z  system,  as  shown  in  Figure  6-3,  it 
can  be  rotated  with  the  reflector  surface  about  angle  6 to  form  a 
universal  structure  with  the  same  electrical  performance  regard- 
less of  location.  The  support  structure  becomes  the  means  of 
translating  the  torus  into  its  global  coordinates. 
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Figure  6-3.  Typical  4-Panel  Generating  Truss 
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The  relationship  between  the  antenna  local  coordinates 
and  the  posit ion-dependent  global  coordinates  is  defined  via 
three  angles:  the  surface  generation  angle,  a,  the  elevation 
angle  in  the  aperture  plane,  £,  and  the  torus  azimuth  angle  in 
the  aperture  plane,  i*.  Angies  £ and  £,  which  are  functions  of 
latitude,  differential  longitude  from  the  earth  station  to  the 
subsatellite  position,  and  the  ratios  of  earth  radius  to  satel- 
lite orbit  distance,  are  defined  as2* 


t * tan 


-4 


cos  6 cos  X - m 


sm  w 


0.  tan 


4 


sin2  t - cos2 


COS  v 


m - cos  y 

(1  + m2  - 2m  cos  \ 


-J 

*)**J 


(6-5) 


(6-6) 


where 


a = earth  radius/satcllite  + earth  radius 
d « ground  station  latitude 

X = longitudinal  separation  of  ground  station 
from  the  subsatellxte  position 
V =■  cos'"1  [cob  $ cc.s  X] 


The  raounting  coordinates  are  found  by  translating  the 
local  coordinates  through  the  three  angles,  as  shown  in  Fig- 
ure 6-<i.  The  t i.au & lu rimi Lion  relationship  between  the  y.y ,*  and 
global  X.YfZ  systems  is 


("*.*]  plA»ft  • ’ - !Wf»  ' *4'-  1 t-  Afc->  *»’i 


...  ....  ;r 


• ir.  . *i'i  ■ I 


’ / ! Sir;  i wa  • t'vrn * > 5*  cos 

a 


. - r a & . ' 


-zs,  c-ca  . - 


\r-  ■ ( 6-7) 


....  I[, 

ii  -* 


COMSAT  Labs 


Multiple  Beam  Torus 
Antenna  Study 


For  the  analysis  five  sites,  listed  in  Table  6-1,  have 
been  chosen  to  represent  the  diversity  resulting  from  worldwide 
deployment  of  the  MBTA,  These  sites,  which  represent  the  poten- 
tial pread  of  the  differential  longitude  and  latitude  of  exist- 
ing DC A antennas,  are  chosen  relative  to  a central  satellite 
location  at  333°00'00"E  longitude.  The  locations  of  COMSAT  Labs 
(’'art  Dietrick)  and  Sweden  represent  the  majority  of  stations 
f ' , between  20°  and  60°  latitude  and  20°  to  60°  differential 

lot,  ide.  Iceland  represents  the  case  of  extreme  latitude,  but 
the  .cenna  mounting  does  not  change  radically  from  the  previous 
case. 


6-6 


COMSAT  L£U)S 


Multiple  Beam  Torus 
Antenna  Study 


Table  6-1. 

Site 

Mt.  Margret 

Sweden 

Iceland 

Ascension  Island 
COMSAT  Laboratories 


Representative  Sites  for  Worldwide 
MBTA  Deployment 


Longitude 

Latitude 

37  °E 

2°S 

136E 

60°N 

340  °E 

66°N 

346  ®E 

7 °S 

282. 7°E 

39. 2°N 

Differential 

Longitude 


64° 

40° 

7° 

13° 

-50.3 


* v- 

5 P 

f ’• 


,•£  rr 

'1  II 

■5  “ 


Mt.  Margret  and  Ascension  Island  represent  the  two  ex- 
treme siting  locations.  Only  two  DCA  antenna  sites  appear  to  fall 
in  the  Ascension  Island  category  of  nearly  horizontal  aperture 
plane  with  the  station  at  the  subsatellite  point.  This  case 
should  not  present  any  special  mechanical  problems,  since  its 
horizontal  attitude  precludes  severe  wind  loading  effects.  The 
Mt*  Margret  location  represents  those  earth  stations  at  extreme 
differential  iorgituae  (>60°)  and  low  latitude  (<20°).  Several 
DCA  earth  stations  appear  to  fall  in  this  category.  This  type  of 
antenna  attitude  experiences  the  most  severe  environmental  ef- 
fects. If  the  same  type  of  support  structure  is  used  for  all  an*- 
tennas,  it  will  provide  the  least  stiffness  for  these  locations 
due  to  the  reflector's  extreme  height. 


6 . 2 MECHANICAL  CONSIDERATIONS 

The  electrical  norfnrmance  reauireraents  are  satisfied 
by  a 27-ft  reflector  with  D/R  = 0,4.  However,  the  mechanical 
problem  is  to  maintain  the  stringent  RF  gain  requirements,  espe- 
cially at  higher  frequencies.  The  relationship 
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Gl  = 10  logxo  exp£-  cos  (60sf)]  *6-3) 

defines  the  correspondence  between  gain  degradation  of  the  an- 
tenna (Gl)  and  the  normal  surface  root-mean  square  (rxas)  devia- 
tion (e) , where  X is  the  team  wavelength,  and  80Sf  is  the  feed 
pointing  angle. 

The  basic  specifications  require  the  design  of  one 
structure  whose  surface  deformation  is  small  enough  under  normal 
conditions  to  realize  54-dB  gain  at  7.25  GHz.  A' second  iteration 
of  the  same  structure  was  performed  to  further  reduce  surface 
errors  to  meet  the  mere  stringent  requirements  at  20  and  30  GHz. 
Figure  6-5  plots  the  curves  of  gain  loss  vs  surface  deviation  in 
inches  for  the  RF  bands  under  consideration.  The  steep  slope  of 
the  curves  at  higher  frequencies  emphasizes  the  performance  limi- 
tations associated  with  surface  tolerances  above  the  11/14-GHz 
bands.  More  gain  loss  must  be  allowed  at  these  frequencies  under 
the  same  environmental  conditions.  If  the  gain  loss  must  be  held 
to  0.5  dB  under  operational  conditions  at  20/30  GHz,  a radome 
protective  structure  such  as  that  shown  in  Figure  6-6  may  be 
necessary. 

For  the  baseline  antenna,  the  maximum  rms  error  consid- 
ered was  0.040  in.  (1  mm),  allowing  a maximum  gain  degradation  of 
0.5  dB  at  8.4  GHz.  The  degraded  performance  specification  was  set 
at  0.060-in.  (1. 5-ram)  deformation  for  1-dB  allowable  gaxn  loss  in 
the  7/8-GHz  band.  The  effect  of  restricting  surface  deformation 
to  0.020  in,  (0.5  mm)  was  investigated  for  higher  frequency  an- 
tenna performance.  In  this  case,  the  gain  loss  is  restricted  to 
0.75  dB  at  20  GHz  and  i. j dn  at  lu  Gn*^«  uesrgri 

performed  to  identify  the  required  structural  characteristics  for 
achieving  0.040-  and  0.020-in.  surface  tolerances. 
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Figure  6-6.  MBTA  with  Radome  Environmental 

Protection 


The  feed  transport  mechanism  considered  for  the  study 
is  base'd  on  a design  that  has  been  built  and  tested  at  COMSAT 
Labs. 25  Although  the  transport  shown  in  Figures  6-7  and  6-8  uti- 
lizes a front  rail  support  upon  the  wall  of  the  building,  a bot- 
tom rail  support  may  be  used  so  that  the  transport  will  have  an 
independent  support  and  foundation. 

The  narrow  width  of  the  transport  allows  two  adjacent 
feeds  to  be  separated  by  approximately  2°.  Additionally,  the 
universality  of  the  transport  design  permits  it  to  operate  at  any 
azimuth  angle  in  the  aperture  plane.  The  self-contained  drive 
arid  support  features  of  this  transport  allow  any  feed  to  be 
mounted  with  a wide  variation  in  allowable  center  of  gravity  emu 
feed  weight. 

The  two  orthogonal  drives  are  capable  of  tracking  both 
spacecraft  diurnal  motions  and  spacecraft  station  variations 
using  an  open-loop  control  system  driven  by  a minicomputer. 
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Figure  6-8.  Orthogonal  View  of  Feed  Transport 
Mechanism  Support 


COMSAT  Labs 


Multiple  Beam  Torus 
Antenna  Study 

6 . 3 STRUCTURAL  DESIGN  CONSIDERATIONS 

The  most  difficult  structural  design  problem  is  to 
obtain  a single  antenna  structure  package  that  is  suitable  for 
all  potential  sites  and  environmental  criteria.  Only  minor  modi- 
fications in  the  antenna  support  and  feed  tower  structures  can  be 
made  to  suit  the  individual  station  requirement. 


x 


Figure  6-9.  Reflector  Geometry 

As  defined  by  the  RF  transmission  data  (Figure  6-9)  , 
the  reflector  geometry  is  symmetric  about  the  axis  of  revolution. 
Across  the  parabolic  arc  the  curvature  of  each  section  is  unique. 
Thus,  the  cost  of  fabricating  the  individual  molds  or  mandrels 
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can  be  reduced  by  minimizing  the  number  of  parabolic  panels.  Bow— 
ever,  other  considerations  including  handling,  storage,  and  ship- 
ping  become  important,  especially  as  the  aperture  diameter  size 
increases.  Figure  6-10  shows  the  configuration  that  is  considered 
optimum  based  on  a tradeoff  study.  For  a reflector  in  the  27-ft- 
aperture-diameter  range , a configuration  of  four  parabolic  and 
eight  circular  sections  appears  to  be  advantageous  in  terms  of 
weight  and  complexity.  ~~  TftJUi  VIEW 
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Figure  6-10.  27-ft  NSTA  Reflector  Panel  Configuration 

The  backup  structure  for  this  panel  configuration  re- 
quires  a support  at  each  panel  comer,  adequate  stiffness,  modu- 
larity , reasonable  weight,  simply  erectabie  connections,  and 
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universal  applicability.  Figure  6-3  shows  the  primary  vertical 
members*  A triangular  spine  truss  is  rotated  about  the  axis  of 
revolution,  and  a vertical  truss  is  built  around  the  spine  at 
each  circular  panel  section.  The  vertical  members  are  stabilized 
by  Secondary  horizontal  trusses  also  following  the  curvature  of 
the  axis  of  revolution.  Additional  diagonal  bracing  is  added 
during  structural  analysis  to  obtain  the  required  structural 
stiffness  and  mechanical  performance.  Figure  6-11,  which  shows  a 
typical  backup  truss,  indicates  the  location  of  diagonal  members 
and  vertical  and  horizontal  trusses.  The  reflector  surface  would 
be  tied  into  the  backup  truss  through  adjustable  support  mecha- 
nisms to  enable  the  maintenance  ox  .proper  panel  alignment  and 
contour  and  thermal  stress  relief  between  the  aluminum  panels  and 
steel  members. 

A 3-point  pickup  support  enables  perfect  alignment  of 
the  elevation  and  tilt  angles  of  the  reflector  during  erection. 
However,  for  a structure  of  60  x 27  ft  'or  more,  the  stiffness  of 
only  three  supports  would  be  inadequate  to  maintain  performance 
even  at  lower  frequencies.  Consequently,  a minimum  of  four  sup- 
port points  has  been  adopted.  The  configuration  shown  in  Fig- 
ure 6-12  has  the  required  stiffness  for  the  27-ft  reflector  at 
most  locations  under  all  specified  conditions.  For  earth  stations 
for  which  a more  extreme  positioning  or  tighter  rms  tolerance  is 
required,  a support  of  six  or  more  points  might  be  necessary 
(Figure  6-13) . 

The  feed  transport  building  is  assumed  to  be  a pre- 
engineered environmental  enclosure  for  a cost-effective  struc- 
ture. To  ensure  that  environmental  effect"1*  not  result-  in  beam 
deformation,  the  feed  mechanism  support  is  assumed  to  be  indepen- 
dent of  the  enclosure’s  foundation.  The  minimum  building  size  of 
12  ft  on  a side  accommodates  other  mechanical  and  electrical 
equipment  and  provides  work  room  around  the  transport  mechanism. 
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6.4  * APPLIED  LOADS  ANALYSIS 

To  design  a universally  applicable  torus  antenna,  the 
basic  system  specifications  have  been  used  to  define  the  required 
loading  conditions  for  all  slumbers  and  the  necessary  ftF  perfor-- 
■ '& lance  Of  the  final  structure  under  those  conditions.  The  has  it. 
forces  applied  to  the  MBTA  structural  model  to  test  ita  per for- 
mance  are  wind,  gravity,  and  temperature  variations.  Of  these 
three,  wind  loading  is  by  far  the  most  severe  design  condition. 

6.4.1  GRAVITY 

The  deflection  of  the  structure  under  its  own  weight  is 
calculated  alone  and  in  combination  with  the  other  forces.  Since 
gravity  is  a static  load,  its  effects  can  be  offset  by  applying  a 
corrective  deflection  at  each  of  the  panel  support  points  during 
©ruction. 


6.4.2  WIND 

The  operational,  degraded  operational,  and  survival 
wind  loads  are  defined  in  the  specifications  as  4S>,  60,  and 
125  xaph,  .respectively.  Wind  forces  are  applied  to.  the  structure 
by  .calculating  the  wind  pressure  on  the  reflector  panels  accord- 
ing tc?  the  relationship 2 6 

P = qCDV2  16-9} 

where 

V -wind  velocity  in  mph 
Cq  **■  discharge  'coefficient  =1.4 
q = dynamic  air  pressure  = C. 00256 
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the  net  iorci  applied-  tc  each  join to#  the  backup 
structure  -is  the  .wind. pressure  tiwiis  the  projected  panel  surface 
area  in-  the  direction  of  the  load.  both  front  and  aide  wind 


.forces  art'  calculated,  to  determine  'the  worst'*- case  conditions  for 
deai^ui''1:i5fhe  global  X and  Y axes  are  used  to  define  front  and.. side 
■wiitid  directions.*,  .figure  6-14  demonstrates  the  variation  in  pro-. 
Jcctad'  wind: ’•'surf act  drwa  -with  change  in  station  location. 


Figure  6-14.  formalized  Projected  Area  [A/(W  * D) ] 
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6.4.3  TEMPERATURE 

Structural  deflections  due  to  a 10°F  (5.5*0)  differen- 
tial temperature  between  the  front  surface  (reflector  joints)  and 
the  backup  and  support  structures  are  calculated.  This  loading 
condition  represents  the  case  in  which  solar  reflection  warms  up 
the  exposed  reflector  surface  faster  than  the  sheltered  struc- 
tural members,  for  example,  in  the  early  morning. 


6.5  ALLOWABLE  DEFORMATION  AND  TILT  ERROR  BUDGET 


6.5.1  SURFACE  rms 

Manufacturing  tolerances,  rigging  adjustments,  and  de- 
flections due  to  gravity,  wind,  and  thermal  loads  are  sources  of 
surface  deformation.  For  a first  design  iteration  the  total 
allowable  rms  error  budget,  eT , is  split  equally  among  the  three 
separate  categories,  nanuf acturing  (effl)  erection  (er) ( and  en- 
vironment (£e) , since  their  effects  are  ^correlated2 7 : 


■ - = u2  + 

T i m 


- cjl* 


(6-10) 


The  total  environmental  rms  error  is  the  sum  of  the  de- 
flections of  the  panel  surface  (tp)  and  the  backup/support  struc- 
tures (es)  due  to  wind,  thermal,  ana  gravity  forces: 


(6-11) 
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Manufacturing  and  rigging  rms  errors  are  considered  as  a total 
for  the  whole  system. 

The  basic  MBTA  required  gain  of  54  dB  at  7.25  GHz  calls 
for  a minimum  operational  rms  surface  tolerance  of  0.040  in. 

(1  mm),  including  0.023-in.  (0.58-mm)  deformation  due  to  each  of 
the  manufacturing,  erection,  and  environmental  effects.  If  these 
effects  are  kept  equal,  the  deflection  due  to  wind,  temperature, 
and  gravity  is  limited  to  0.016  in.  (0.41  mm)  each  for  the  panels 
and  support  ■■•tructure.  Ideally  the  deflection  of  the  structure 
under  its  own  weight  is  corrected  during  erection,  and  the  dis- 
tortions due  to  differential  temperature  are  relatively  small. 
Consequently , the  majority  of  the  environmental  errors  can  be 
budgeted  to  the  wind  load  deformations. 


6.5.2 


POINTING  ERROR 


The  possible  sources  of  pointing  error  are  wind, 
gravity,  and  thermal  deflections  of  the  support  structure;  align- 
ment errors  during  erection  of'  the  antenna;  and  displacements  of 
the  feed.  Deflection  of  the  feed  structure  itself  can  be  elimi- 
nated by  separating  the  foundation  and  supports  of  the  feed 
mechanism  and  the  feed  tower.  Thus,  the  feed  travel  is  not  sub- 
jected to  displacement  due  to  wind  loads  on  the  building  walls  or 
thermal  distortions  in  its  controlled  environment.  Adjustments 
of  the  feed  can  be  used  to  compensate  for  the  lateral  displace- 
ment of  the  reflector  structure  and  reduce  the  pointing  error. 
Hence,  displacements  due  to  overall  MBTA  pointing  error  are  sub- 
tracted. from  the  total  displacement  at  each  puiut  to  obtain  the 
uncorrected  rms  surface  error. 
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C 5 STRUCTURAL  MODE! 

The  RF  transmission  data  define  the  generating  para- 
bolic toroidal  surface2 9 : 

Z4  - SFz2  - 16?2  (x2  + y2)  + 16  (FR)  2 = 0 (6-12) 

where  x,  y,  'and  z are  calculated  via  transformation  equa- 
tion (6-3).  '‘The  four  basic  parts  of  the  torus  anteruia  are  the 
reflector  surface  panels,  the  backup  truss,  the  support  struc- 
ture, and  dhe  concrete  foundation.  Since  the  backup,  support, 
and  foundation  are  dependent  on  the  panel  size,  and  number  and 
type  of  corner  supports,  design  iterations  were'  first  performed 
on  a typical  reflector  surface  panel  to  optimize  its  parameters. 

6.6.1  PANELS 

, \ 

Panel  optimization  involved  finding  a practical  design 
of  minimum  cost  and  weight.  The  factors  influencing  the  design 
were  material  type,  fabrication,  assembly  techniques,  transport- 
ability, and  erection  ease.  It  was  decided  to  limit  the  design 
to  established  fabrication  techniques,  easily  available  materials, 

i 

and  common  overall  size  and  weight.  The  maximum  panel  dimension 
was  chosen  as  9 ft  to  accommodate  shipping  size  limitations. 
Aluminum  was  used  as  the  basic  surface  material  due  to  its  good 
strength-to-weight  ratio,  availability,  good  SI’  characteristics, 
relatively  law  cost,  and  the  large  number  of  fabrication  houses 
familiar  with  its  use  in  curved  panels.  For  ease  uf  ej.eci.iuu  it 
was  decided  to  limit  backup  structure  connections  to  simple  sup- 
ports at  each  corner  point. 
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. For  large  panels,  the  advantages  in  terms  of  cost  were 
as . .follows ; 

a.  few  manufacturing  mandrels, 

b.  less  joints  for  oimpler  erection  procedures, 

c.  greater  alignment  control,  and 

d.  a simpler  backup  structure. 

For  smaller  panels  the  advantages  were  as  follows: 

a.  light  weight  for  ease  of  shipping  and  handling, 

b.  greater -stiffness  for  each  panel, 

c.  ease  of  manufacture,  and 

d.  . lower  cost  per  unit  area. 

In  addition,  the  following  panel  material  configuration  tradeoffs 
were  considered: 

a.  solid  aluminum  plate, 

fc.  thin  aluminum  plate  backed  with  corrugated  aluminum 
sheet, 

c.  thin  aluminum  plate  with  aluminum  stiffeners,  or 

d.  aluminum,  honeycomb  with  aluminum  face  skins. 


' V';  <*’ 


To  determine  the  optimum  plate  size  and  configuration, 
the  maximum  rms  deviation  is  defined  as 


<5% 
raa  x 


(6-13) 
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where  is  the  maximum  allowable  panel  deflection^  From  the 

error  budget,  6-aax  is  0.014  in.  (0,089  cm)  arid  0.028  in, 

(0.176  cm),  respectively,  for  20-  and  40-mil  overall  rmis  toler- 
ances in  45-mph  winds. 

For  simplicity,  the  plates  are  assumed  to  be  flat  for 
the  initial  sizing.  This  is  a conservative  assumption  since 
curved  plates  have  greater  rigidity  than  flat  . ...  The  de- 
flection of  comer-supported  square  plates  is  defined  as23 


6max  " a (6-14) 

! 

where 

a - function  of  edge  stiffness  * 0.0249 
q = uniform,  wind  load  = 0.050  lb/in2  (0.034  N/cm2) 
a = aide  dimension 

D = plate  stiffness  = Eh3/(12(1  - v2)] 

E = 107  psi  (7  x 10 6 N /cm2),  the  aluminum  modulus 
of  elasticity 
v = Poisson's  ratio  = 0.3 
h = plate  equivalent  thickness 


The  resultant  equivalent  plate  thickness  required  for 
various  rms  surface  tolerances  is  shown  in  Figure  6-15,  This  fig- 
ure indicates  that  the  minimum  total  weight  is  22,5  psf  (1089  N/ 
cm2)  for  a solid  aluminum  8-ft  square  plate  configuration  vs 
8.9  psf  (427  N/m2)  for  a 4-ft  plate.  The  equivalent  plate  thick- 
ness for  corrugated  honeycomb  or  beam-stiffened  thin  plates  is 


hequ iv 


(6-15) 


where  I is  the  section  area  moment  of  inertra  per  unit  length. 
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Figure  6-15  indicates  the  critical  relationship  of 
panel  size  to  surface  tolerance.  Since  the  60-mph  curve  dominates 
in  both  cases,  the  recommended  maximum  panel  sizes  appear  to  be 
8 and  g ft  for  the  40-  and  20-mil  cases,  respectively.  Some  ex- 
amples of  equivalent  stiffened  plates  are  shown  in  Figure  6-16. 
For  a typical  8-£t  square  plate,  the  section  moment  of  inertia 
required  to  meet  the  60-r‘l  surface  tolerance  criteria  at  60  mph 
would  be  0.42  in3/in.  <2.7  cm3/cm) . 

Regardless  of  configuration,  the  thinnest  aluminum  face 
sheet  used  0.060  in.  (0.162  cm)  tc  protect  the  reflector  sur- 
face from  permanent  deformation  due  to  the  impact  of  hailstones 
or  other  moderate  size  particles."7'30  Based  on  a maximum  panel 
dim  ion  of  9 ft  (2.7  m)  , several  reflector  configurations  were 
analysed  (Figure  6-17).  To  reduce  wind  deflections  on  the  struc- 
ihe  four  corner  panels  were  shaped  to  e) iminate  unnecessary 
«ce  area.  The  configuration  of  three  parabolic  panel  sections 
would  require  irregularly  shaped  corner  panels  to  accomplish  the 
area  reduction  without  gain  loss.  Simple  triangular  corner  panels 
can  be  used  with  four  parabolic  panel  sections  to  minimize  area 

l 

reduction. 


6.6.2  BACKUP  STRUCTURE 

Based  on  the  results  of  the  panel  optimization,  a stiff, 
lightweight,  universal  support  was  needed  for  the  reflector.  To 
add  commonality  to  both  the  backup  structure  and  the  reflector, 
the  main  structural  frame  .is  a basic  vertical  truss  structure 
tied  to  the  panels  at  eac n corner  point.  The  generating  tiuas  11, 
rotated  about  the  axis  of  revolution  of  the  reflector.  Additional 
stiffness  is  obtained  by  tying  each  vertical  frame  together  via 
horizontal  trusses  and  diagonal  bracing.  Given  the  latitude  and 
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Reflector  Panel  Cross  Section 
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longitude  at  the  desired  earth  station  location,  the  backup 
structure  and  reflector  panels  are  then  rotated  into  the  global 
coordinate  system  via  transformation  equation  (6-7) * Some  typical 
configurations  considered  for  the  generating  vertical  trues  are 
shown  in  Figure  6-18. 

After  panel  analysis  design  iterations,  it  was  decided 
to  use  a 4 x S panel  reflector  surface  as  the  baseline  configura- 
tion. The  panel  layout  shown  in  Figure  6-19  was  chosen  for  de- 
sign iterations.  The  nine  vertical  trusses  required  for  this 
configuration  are  supported  by  the  main  spine  truss  generated  as 
a curve  about  the  axis  of  rotation  of  ,the  reflector. 

All  members  in  tills  analysis  are  A.36  structural  steel 
in  commonly  available  sizes.  Ideally  the  reflector  surface  panels 
are  attached  to  the  truss  at  each  corner  by  rods  with  adjustment 
mechanisms  to  make  alignment  corrections  during  erection. 

A 4-point  attachment  to  the  support  structure  was  used 
for  the  initial  design  iterations.  A detailed  view  of  the  backup 
structure  reduced  from  a KASTEWi  plot  for  the  2? -ft  MBTA  is  shown 
in  Figure  6-20. 


6.6.3  SUPPORT  POINTS 

The  type  of  support  mummers  is  determined  by  the  re- 
quired stiffness  of  the  torus  structure  in  its  operational  posi- 
tion. The  structural  stiffness  in  turn  is  a function  of  the 
numbea*  and  spacing  of  pickup  and  foundation  points,  the  unbraced 
length  of  the  steel  members,  and  their  relative  configuration. 
Thus,  each  location  requires  a unique  support  structure  to  accom- 
modate its  antenna  positioning. 
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Figure  6-19.  Typical  Panel  Layout 
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The  Simple  7-jaomber  steel  support  structure  shown  in 
Figure  6-21  was  used  for  design  iterations  of  the  basic  kb? A an- 
tenna. It  uses  a lover  tripod  as  the  main  static  load  carrying 
member.  The  dynamic  wind  load  is  transmitted  through  the  V and  A 
frames  to  ground.  The  V frame  can  also  serve  as  a pivot  mechanism 
for  correcting  the  tilt  of  the  antenna  during  erection.  This  par- 
ticular support  system  is  not  a self-standing  structure;  the 
backup  structure  member  assembly  must  be  included  to  achieve 
overall  stability.11 

Figure  t- II  shews  a stable  and  less  flexible  support 
structure.  This  configuration  might  be  necessary  at  sites  where 
the  most  severe  wind  load  overturning  moments  occur,  or  where, 
because  of  the  extreme  length  of  the  V and  A frame  members  and 
the  required  antenna  site  or  extreme  site  location,  the  6 -member 
design  is  unconservative. 

Figure  6-22  shows  the  stiffness  requirements  of  the 
same  reflector  translated  to  different  locations.  The  projected 
area  times  maximum  reflector  height  is  normalized  to  its  surface 
area  times  the  aperture  height  to  give  a measure  of  the  relative 
wind  loading  deformation  problem.  It  can  be  seen  that  the  dynamic 
deflections  at  the  Mt.  Margret  location  are  potentially  six  times 
as  severe  as  those  at  'die  Ascension  Island  location. 


6.7  STRUCTURAL  LAYOUT 


The  MBTA-11  program,  developed  at  COMSAT  Labs,  estab- 
lishes the  precise  geometrical  coordinates  of  antenna  panels, 
backup,  support  structures,  and  feeds  based  on  optimum  RF  param- 
eters and  site  location.  The  main  part  of  the  program  lays  out 
the  .panel  and  panel  support  geometry,  front  and  side  wind  loads, 
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(minimum  weighted  phase  error)  is  expected  for  0.48  _<  F/R  <_  0.485. 
In  Figure  5-26,  which  shows  the  calculated  gain  of  an  offset  MBTA 
with  a specified  feed  amplitude  taper,  the  middle  curve  (D/R 
» 0.4)  indicates  a maximum  gain  at  F/R  = 0.483.  The  generating 
axis  angle,  40,  is  slightly  different  for  the  antenna  geometries 
(<f0  = 90  -*■  93.5°)  compared  in  these  two  figures.  The  conclusion, 
which  will  also  be  demonstrated  later,  is  that  small  changes  in 
40  do  not  markedly  affect  the  aperture  plane  phase  error 
distribution. 

Figure  5-27  shows  the  center  of  aperture  plane  phase 
errors  when  the  offset  distance,  d,  is  increased  to  6 ft  (d/D 
= 22  percent) . A comparison  of  Figures  5-25  and  5-27  indicates 
that  the  F/R  optimization  is  quite  sensitive  to  the  offset 
distance.  Figure  5-28  shows  the  center  of  aperture  plane  phase 
errors  for  the  D/R  - 0.3  geometry.  Comparison  v?ith  Figure  5-25 
again  demonstrates  that  the  feed  positioning  (F/R)  can  be  opti- 
mized on  the  basis  of  a relatively  simple  aperture  phase  error 
expression.  . . 

The  full  aperture  plane  phase  errors  for  the  baseline 
MBTA  configuration  are  shown  in  Figure  5-29.  The  phase  error 
distribution  is  symmetrical  in  y,  but  the  offset  configuration 
gives  rise  to  an  asymmetrical  distribution  in  x (except  at  the 
center  of  the  aperture,  since  the  feed  is  at  the  focus  of  the 
parabolic  section) . The  effective  radius  of  the  curvature  is 
changing  as  a function  of  x [equation  (5-69) 3 over  the  aperture. 
The  path  lengths  to  positions  on  the  top  portion  of  the  aperture 
are  shorter  than  those  to  the  bottom  portion  of  the  aperture. 
Hence,  the  parabolic  plane  pattern  tends  to  be  scanned  somewhat  , 
in  the  (-6)  direction. 

The  aperture  plane  phase  errors  can  be  directly  scaled 
by  D/a.  As  the  frequency  increases  the  edge  of  aperture  phase 
errors  increase  in  magnitude  until  voltage  contributions  from  the 
edge  cf  the  aperture  actually  cause  a decrease  in  peak  gain. 
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Maximum  gain  is  then  achieved  by  illuminating  only  an  inner  por- 
tion oi  the  physical  aperture t D.  Figure  5-30  shows  the  cal- 
culated gain  of  the  baseline  offset  MBTA  geometry  at  30  GHz  as  a 
function  of  the  -10-dB  feed  beamwidth.  Maximum  gain  occurs  when 
the  -10-dB  feed  illumination  angle  is  2 * 13°  - 26°.  If  the  full 
physical  aperture  is  illuminated  with  a teed  illumination  angle 
of  2 "•  21°  = 42°,  the  peak  gain  is  reduced  by  0.9  dB. 


2 2>  4 if  & 
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Figure  5-30.  Gain  vs  Feed  Illumination  Angle 
at  30  GHz  (baseline  MBTA) 

The  full  aperture  plane  phase  error  distribution  for  a 
D/R  = 0.5  offset  geometry  is  shown  in  Figure  5-31.  Peak  gain 
occurs  when  the  -10-dB  feed  illumination  angle  projects  to  the 
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dashed  circular  aperture  shown  in  the  figure.  The  average  edge 
of  aperture  pha^e  error  on  the  dashed  optiniUci  aperture  is  a 120*. 
The  peak  gain  versus  the  -10 -dB  beamwidth  is  plotted  in  Fig- 
ure  5-32.  If  the  full  aperture  Is  illuminated,  the  peak  gain  is 
reduced  by  1.4  dB. 


Figure  5-32.  Gain  vs  Feed  Illumination  Angle  at  30  GHz 

(D/R  * 0.5  geometry) 


The  aperture  plane  phase  error  expression  for  an  MBTA 
with  a general  $0  angle  is  derived  by  using  the  geometry  shown  in 
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Figure  S-33.  The  description  of  the  centred  path  length  ray  £q 
is  identical  to  the  previous  results  derived  for  the  special  case 
of  Cq  * 90*  [equation  (5-66)1.  The  equation  of  the  rotated  para- 
bolic section  is 

■ ■ j 

v2  + w2  - R-(u)  * 0 (5-81J 


or 


y2  + cos  4qx  4 sin  4$  « R2(u)  (5-82) 

and  •' 

R(U}  * W (5-83) 

(when  v * y * 0)  is  obtained  from  the  equation  for  the  parabolic 
section : 

x2  - 4F(z  4 F)  » 0 (5-84) 

or 


(sin  Cqu  - cos  $qw) 2 - 4F(cos  ^qu  4 sin  4qw  4 F)  * 0 (5-85) 

as  the  general  equation  of  the  MBTA  rotated  surface. 
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Figure  5-33.  Geometry  for  General  S0  Reflector  Surface 

The  general  aperture  plane  phase  error  expression  for 
arbitrary  £0  and  feed  position  (xF,yF,zF)  relative  to  the  para- 
bolic focus  referenced  to  the  phase  at  (xc,0,0)  in  the  aperture 


»U,y,0>  - 360*(jW(t-^)2  ♦ ( 


y - yF\2  /s'  - zF\* 


■r  * in 


| //xe  - xF\2  ^ f (xv-/0?  2 
* \ D / * U-F/R  x R 

f?  R (Xc/Bi2  ]) 

“ 1 R D “ 4F/R  v P/D  J 1 


^ F P _ Zp 

R/D  “ R D * D . 


(5-86) 
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where  z ra  found  from  the  reflector  surface  equation  £(x,y,z) 

* 0, 


5.9  PARABOLIC  PLANE  SCANNED  BEAM  FEED  POSITIONS 

AND  SCTAN  GAIN  LOSS 


The  aperture  plane  phase  error  expressions  derived  in 
the  previous  subsection  can  bo  utilized  to  determine  to  a first 
order  the  feed  positions  {x#a,0,z£g)  required  to  scan  the  para- 
bolic  plane  pattern.  Thu  cua  of  the  phase  errors  at  the  top  and 
bottom  of  the  aperture  plane  in  the  y « 0 (parabolic)  plane  is 
equated  to  zeros 

Err(x*fc/Z£fc)  » y(x  * d + D,0,0)  + v(x  - d,0,0)  « 0 (5-87) 

A family  of  (X£a,ZfK))  feed  positions  which  satisfy  this  equation 
is  obtained.  Each  set  is  associated  with  an  absolute  phase  error 
difference  across  the  aperture  plane  that  corresponds  to  the 
scanned  beam  location.  If  the  aperture  phase  errors  at  the  top 
and  bottom  of  the  aperture  are  ny  and  -Ay,  respectively,  the 
scanned  beam  position  is 

8S  -*  tan-1  ( rrr-r~^-~=- y~)  (5-88) 

a \180*  * D/X/ 

Since  tha  expression  for  Ay  is  directly  proportional  to  D/>,  the 
scanned  beam  location  is  independent  of  frequency. 

For  small  scan  angles, 


hy  (dig)  =6,  (deg)  « j 


(5-89) 
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Program  MBTA-9  calculates  the  scanned  beam  feed  positions  and 
associated  scan  angle. 

Figure  5-34  shows  the  locus  of  scanned  beam  feed  posi- 
tions calculated  by  using  equation  (5-87)  and  the  corresponding 
parabolic  plane  scan  angle  for  the  baseline  MBTA  geometry.  The 
calculated  scan  beam  feed  positions  were  then  verified  using 
COMSAT's  GAP  program.  The  full  aperture  integration  (GAP)  in- 
cludes the  effects  of  feed  amplitude  weighting.  The  peak  gain  as 
a function  of  parabolic  plane  beam  scan  ic  shown  in  Figure  5-35 
for  the  baseline  MBTA.  Note  that  the  scan  gain  loss  characteris- 
tic is  not  symmetrical  as  a result  of  differential  feed  amplitude 
weighting  effects. 

The  space  taper  amplitude  varies  differentially  with 
scan.  The  maximum  loss  at  +2.5°  is  2 dB  at  D/X  = 223. 

5.10  SPHERICAL  GENERATING  CURVE  MBTA 


For  applications  which  require  a considerable  amount  of 
scan  (or  bear.-yidths  of  scan)  in  a plane  perpendicular  to  the  geo- 
synchronous arc,  the  use  of  a spherical  generating  curve  for  the 
MBTA  may  prove  useful.  The  reflector  system  can  then  be  designed 
to  have  a constant  gain  for  a specified  out-of-plane  scan  re- 
quirement. This  constant  gain  will  be  lower  than  the  gain 
achieved  with  the  parabolic  generating  curve  when  there  is  no 
scan.  In  addition,  it  requires  the  reflector  diameter  to  be  in- 
creased to  provide  a full  aperture  illumination  with  the  maximum 
scan  angles.  The  geometry  of  an  offset  MBTA  using  a spherical 
generating  section  with  a generating  axis  angle,  $0  - 90°  is 
shown  in  Figure  5-36. 
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Figure  5-36.  MBTA  with  Spherical  Generating  Curve 
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The  equation  of  the  spherical  croda  section  in  the 
y - 0 plane  is 


x*  + tz  - (R  - F)  ] = R 


2 _ Q2 


(5-90) 


or 


= (R  - F)  - /R2  - 'k* 


(5-91) 


The  radius  of  curvature  about  the  rotation  axis,  u,  is 


R(x)  = t/a?  - x2 


(5-92) 


The  general  rotated  plane  curve  is  described  by 


z = (R  - F)  - /R2  - "x2  - y2 


(5-93) 


The  path  length  for  a ray  from  a general  feed  position  (xF,yP,zF) 
relative  to  F into  the  aperture  plane  (x,y,Q)  is 


£(x,y,0)  * |/ (x xF) 2 + (y  - yF)  2 + (R  - F)  - /r2  - x2  - y2  - zF 

L « 

+ /r2_  — x2  - y5  - (R  - F)  (5-94) 


and  the  aperture  plane  phase  error  expression  is 

^D^|~g.(x,y,0)  - £(x0 


iMx,y,0)  = 360' 


,0,0)' 


(5-95) 


The  aperture  plane  phase  errors  in  the  y = 0 plane,  are  plotted  in 
Figures  5-37  and  5-38  for  two  geometries  that  are  similar  to 
those  considered  for  the  MBTA  baseline  configuration. 
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5.11  ILLUMINATION  GAIN  OF  FRONT- FED  MBTA 

The  illumination  gain  of  the  front-fed  offset  reflector 
MBTA,  excluding  feed  system  or  reflector  rms  surface  tolerance 
losses,  is  summarized  in  Figure  5-39.  The  gain  for  a 10-percent 
offset  (d/D  =•  0.1)  and  a 93.5°  generating  axis  angle  is  shown  as 
a function  of  D/X  for  fixed  D/R  values,.  Gain  increases  as  the 
radius  of  curvature  increases.  Because  of  edge-of-aperture  phase 
errors,  the  tradeoff  between  peak  gain  and  feed  illumination 
taper  is  slower  for  the  MBTA  than  for  a conventional  parabola. 

The  aperture  illumination  gain  versus  feed  edge  taper  is  shown  in 
Figure  5-40  for  the  baseline  MBTA  geometry.  A feed  edge  taper  of 
-15  dB  virtually  eliminates  feed  spillover  past  the  reflector 
with  little  impact  on  peak  gain. 

The  aperture  illumination  gain  versus  errors  in  the 
feed  offset  angle,  eOS£,  *s  shown  in  Figure  5-4,1  for  the  baseline 
antenna.  Variation  of  eosf  produced  no  changes  in  the  beam  point- 
ing direction.  A ±2°  variation  about  the  calculated  SOS£  angle 
is  required  before  a decrease  in  gain  is  noted. 

The  illumination  gain  of  the  baseline  27-f t-diameter 
MBTA  as  a function  of  frequency  from  3.7  to  31  GHz  is  shown  in 
Figure  5-42.  An  11-percent  offset  is  utilized  to  ensure  that  the 
aperture  plane  is  unblocked  by  the  feed  (or  feed  house)  at  the 
extreme  parabolic  plane  scan  position.  The  horn  diameter  must  be 
used  in  conjunction  with  Figure  5-34  to  determine  the  minimum 
offset  distance.  In  addition,  an  allowance  for  the  roof  of  the 
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Figure  5-41.  Aperture  Illumination  Gain 
vs  Feed  Offset  Angle 
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room  housing  the  feed/rail  structure  must  be  included.  The  D/R 
» 0.4  geometry  provides  an  optimum  54-dB  X-band  gain  solution  for 
a 20 *-40 6 "field  of  view*  [The  solution  is  optimum  in  the  sense 
of  minimizing  the  overall  reflector  area  and  ratio  of  reflector 
aperture  dimensions  (W/D)  and  ultimately  cost,.] 

The  relative  projected  aperture  area  of  the  MBTA  is 

area  « V®  (5-96) 


if  the  c-orner  panels  are  not  rounded.  Since 


then 


a fo/lSO0)-  pqy  4.  i (5-9; 

p-  CD/'R) 

\ 

The  projected  aperture  area1 5 of  the  MBTA  as  a function  of  D/R 
for  fixed  field  of  view  requirements  is  shown  in  Figure  5-43. 
Contours  of  equal  projected  aperture  areas  can  be  placed  on  the 
illumination  gain  curves  for  a fixed  field  of  view  requirement, 
as  shown  in  Figure  5-44.  The  relationship  between  D/X  and  D/R, 
given  a fixed  area  and  field  of  view,  is 


D _ J (area/!2) 

I ” T j[  (n/180&)/(D/R)  ] FOVq  + 1 ' 
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These  curves  are  quite  helpful  in  arriving  at  a first-order  opti- 
mum &DTA  solution.  GSiven  a specified  gain  and  field  of  view  at  a 
desiuin  frequency,  the  contours  of  equal  projected  aperture  area 
identify  thu  optimum  D/R  geor'etzy. 


<0/K) 


Figure  5-43.  Projected  Aperture  Area  of  MBTA 


5 . 12  OFFSET  MBTA  FIELD  OF  VIEW  AND  SCANNED 

feed  Parameters 


The  relationship  between 
ratio  of  aperture  plane  dimensions 


the  MBTA  field  of  view  and  the 
for  the  offset  geometry  is 
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Figure  5-44.  Illumination  Gain  with  E^uai 
projected  Area  Contours 
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(5-100) 


(5-101) 


where  the  ratio  of  the  radius  at  the  center  of  the  aperture 
plane,  Rc , to  the  radius,  R,  shown  in  Figure  5-45  is 


1:  + cos  $0 


sin 


(D/R)2/*c\2 

4 (F/R) \D  ) 


(5-102) 


The  field  of  view  versus  W/D  for  the  10-percent  offset 
geometry  is  shown  in.  Figure  5-46.  Comparison  of  the  field  of  view 
in  this  figure  with  that  for  a symmetrical  MBTA  (Figure  5-5)  in- 
dicates that  the  shorter  radius  of  curvature  at  the  center  of  the 
aperture  for  an  offset  geometry  increases  the  field  of  view  for  a 
fixed  W/D  r^.tio.  Program  MBTA- 2 calculates  the  field  of  view 
versus  reflector  parameters. 

The  locus  of  feed  phase  center  positions  as  a function 
of  spherical  scan  is  derived  from  the  geometry  in  Figure  5-47. 

The  feed  arc  is  defined  in  the  v-w  plane  as  the  feed  revolves 
around  the  rotation  axis,  u.  The  scanned  beam  locus  does  not  lie 
in  the  v-w  plane,  but  the  maximum  angular  deviation  out  of  this 
plane  is  2($0  - 90°)  for  a full  +130°  field  of  view.  The  beam 
scan  angle,  es,  is  assumed  to  be  the  beam  angle  projected  into 
the  w-v  plane.  The  coordinates  of  the  feed  phase  center  as  a 
function  of  the  beam  scan  angle  are  then 
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Wf  = -(R  - F sin  <!>q)  cos  0, 


vf  = ± (R  - F sin  *0)  sin  0S 


(5-103) 


(5-104) 


Using  the  coordinate  transformation  in  equation  (5-45)  and  trans- 
lating to  an  (x,y,z)  system  with  origin  at  the  focus  yields 


xF  = (R  - F sin  $o)  cos  4>o(cos  9S  - 1) 


yF  = ±(R  - F sin  $0)  sin  0, 


(5-105) 


(5-106) 


(R  - F sin  <t0) 
• sin  $o 


fl  - cos2  0 q - sin2  $0  cos  8SJ  (5-107) 


TO 

h: 


, W 


When  normalized  to  the  diameter,  D,  the  feed  phase  center  loca- 
tions as  a function  of  the  spherical  scan,  es,  are 


xF  = DfeVl  - | sin  cos  $otcos  es  ~ ^ 


(5-108) 


I' 

ilJ 


yF  .»  ±D0^1  - | sin  sin  6, 


;?*  = d(b)(l  " i sin 


^{"l  - cos2 
/[' 


- sin2  f0  cos  9s 
sin  $0 


relative  to  an  origin  at  the  parabolic  focus  (0,0,0) 


(5-109) 


(5-110) 
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The  direction  cohsines  defining  the  feed  pointing  axis 
and  orientation  as  functions  of  scan  ate  also  required.  The  feed 
pointing  axis,  zp/  is  shown  in  Figure  5-45.  The  projection  of 
the  Zp  axis  onto  the  v-w  plane  yields 


u - sin 

[0osf  + <*o  ” 

90°)  ] 

(5-113) 

v = ± sin  0S 

COS  { 8q  Hf  + 

($0  “ 90°)] 

(5-11*) 

w = - cos  0B 

CQS  + 

(®0  - 90°)] 

(5-115) 

The  direction  cosines  for  the  feed  pointing  in  the  (x,y,z)  co- 
ordinates with  the  origin  at  the  parabolic  focus  are 

ax  = sin  0osf  (sin2  4>q  + cos2  <2>q  cos  0s) 

+■  cos  0osf  sin  $0  cos  $0(cas  eB  - 1)  (5-116) 

ay  = - sin  0s(cos  0Osf  sin  <S>o  + sin  8QSf  cos  $o)  (5-117) 

az  = sin  0osf  sin  <f0  cos  00(1  - cos  0S) 

- cos  6osf(cos2  4>o  + sin2  io  cos  0s)  (5-118) 


and 

fa*  + + al  = 1 (5-119) 

Program  MBTA-10  calculates  the  feed  phase  center  position  rela- 
tive to  the  initial  focus  given  the  desired  scan  angle.  It  also 
furnishes  the  direction  cosines  for  the  feed  pointing.. 
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£.13  PATTERNS  AMD  POLARIZATION 

The  principal  plane  linearly  polarized  patterns  for  the 
baseline  27-ft-diameter  MBTA  are  shown  in  Figures  5-48  and  5-49. 
In  the  geosynchronous  plane  {<J>  ■ 90°} , the  pattern  is  symmetrical 
in  9,  first  sidelobe  levels  are  below  30  dB,  and  the  maximum 
cross-polarization  lobe  for  a corrugated  feed  horn  is  33  dB.  The 
half-power  beamwidth  is  0.36°.  In  the  plane  of  the  offset  para- 
bolic section  ($ '=  06} , the  pattern  is  slightly  asymmetrical  due 
to  asymmetrical  amplitude  and  phase  aperture  distributions.  A 
small  amount  of  beam  scan  is  noted  when  the  feed  is  at  the  para- 
bolic focus,  and  the  half-power  beamwidth  is  0.34°.  These  pat- 
terns were  calculated  using  a -10.6-dB  feed  taper  over  the  feed 
illumination  angle  of  42.4°.  Increasing  the  feed  edge  taper  to 
-15  dB  virtually  eliminates  feed  spillover  energy  past  the  re- 
flector with  only  a 0.2-dB  gain  loss.  A 3X  circular  aperture 
conical  horn  provides  an  identical  pattern  in  the  $ = 90°  plane 
anu  a slightly  narrower  pattern  in  the  $ = 0°  plane.  However,  the 
maximum  cross-polarization  levels  increase  to  25  dB  as  a result 
of  unequal  E-  and  U-plane  pattern  amplitude  functions  from  the 
conical  hern  aperture. 

The  large  effective  F/D  = 1.25  of  the  baseline  MBTA 
configuration  means  that  circularly  polarized  beam  squint  effects 
are  negligible.  The  circular  cross-polarization  response  is 
essentially  determined  by  the  polarization  characteristics  of  the 
feed  system. 1 5 • 1 7 

The  wide-angle  sidelobe  characteristics  of  the  baseline 
MBTA  at  X-band  to  ±5°  are  shown  in  Figures  5-50  and  5-51.  The 
sidelobe  envelopes  are  well  below  the  32-25  logi0  8 crite- 
ria. 18,19  The  lack  of  a Cassegrain  subreflector  with  its  feed 
spillover  contributions  to  the  sidelobe  envelope  and  feed  or 
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subreflector/spar  blockage  provide  the 'offset  META  with  excep- 
tional wide-angle  sidelobe  envelopes.  The  principal  plane  pat- 
terns of  the  27-ft-diameter  MBTA  (D/R  *»  0.4)  geometry  in  the  4-, 
12- , and  30-GRz  receive  bands  are  shewn  in  Figures  S-52  through 
5-57,  The  higher  frequency  band  patterns  indicate  the  effects  of 
spherical  aberration  in  the  offset  reflector.  The  $ ■ 90*  pat- 
tern broadens  symmetrically,  while  the  $ « 0“  pattern  becomes 
more  asymmetrical  and  the  -G  scanning  effect  is  more  visible.  A 
corrugated  feed  horn  pattern  was  used  to  ealv-rulate  these  results. 

The  .X-ban.d  patterns  for  a 48-f t-diameter  MBTA  with  D/R 
=0.3  are  shown  in  Figures  5-58  and  5-59.  A corrugated  feed  horn 
pattern  was  utilised  for  the  pattern  calculations.  The  maximum 
cross-polarization  lobe  is  lower  for  the  D/R  » 0.3  geometry, 
since  the  reflector  surface  is  flatter.  Figure  5-60  shows  the 
D/R  =0.3  offset  geometry  approximately  to  scale. 


5.14  NOISE  TEMPERATURE  AKD  FEED  SPILLOVER 

The  calculated  and  measured  antenna  noise  temperatures 
for  the  offset  front-fed  MBTA  are  remarkably  good.  The  antenna 
temperature  measured  on  COMSAT  Laboratories'  22-  x 55-ft  MBTA 
(elevation  angle  » 21.6“}  was  23  K at  3.95  GHz. 

Exceptional  noise  temperature  characteristics  are  a re- 
sult of  the  following : 

a.  a corrugated  feed  horn  with  a rot at tonally  symmetric 
(Gaussian)  amplitude  pattern  which  has  virtually  no  side lobes, 

b.  the  lack  of  aperture  blockage  (feed,  subreflector,  or 
spars)  and  forward  feed  spillover  past  a subref lector  (Cassegrain 
geometries) , and 

c.  an  oversize  reflecting  aperture  relative  to  the  re- 
quired aperture  area,  which  also  reduces  reflector  spillover. 
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Figure  5<-5u . Baseline  MBTA  Receive  Band,  rat  tern 
at  20.7  GHz  (<|,  * 90°) 
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Figure  5-60.  Offset  MBTA  D/R  » 0.3  Geometry 

The  corrugated  feed  horn  patterns  minimize  feed  spill- 
over energy  past  the  reflector.  In  addition,  the  corrugated  horn 
has  exceptionally  low  backscatter  patterns  as  a result  of  the 
highly  tapered  feed  horn  amplitude  distribution.  Electromagnetic 
fields  are  zero  at  the  edges  of  the  aperture.  Hence,  exterior 
currents,  Which  would  contribute  to  a backscatter  pattern,  are 
not  induced  on  the  outside  of  the  horn. 

The  percentage  of  corrugated  feed  horn  energy  beyond  a 
specified  amplitude  level  is 


180°  /*3  6 0‘ 


8 o 70 
/•ISO*  /* 

l'  l 


...  •'eo 

spillover  « _1_ 


P(6)  sin  8 d8  <3cf> 


P(6)  sin  8 d8  d4> 


(5-120) 


where  8©  is  one-half  the  feed  illumination  angle. 
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With  a rotationally  symmetric  feed  amplitude  pattern, 
the  feed  spillover  beyond  a specified  illumination  half-angle  is 


spillover  = 


P (8)  sin  0 d9 


P [6)  sin  9 d8 


(5-121) 


figure  5-61  shows  the  spillover  characteristics  of  corrugated 
feed  horns  with  beamwidths  applicable  to  the  offset  MBTA  geom- 
etries. A -10-dB  edge  taper  over  the  28f  «*  24.4°  feed  illumina- 
tion angle  of  the  baseline  D = 27  ft,  D/R  * 0.4  geometry  gives 
less  than  0.57  dB  of  spillover.  Increasing  the  edge  taper  to 
-15  dB  reduces  the  spillover  to  0.18  dB. 

The  lack  of  aperture  blockage  and  forward  feed  spillover 
past  a subreflector  results  in  excellent  wide-angle  sidelobes  for 
the  MBTA*  Aperture  blockage  raises  the  average  sidelobe  level 
and  is  a major  source  of  wide-angle  scatter  in  large-aperture  an- 
tenna systems.  Forward  feed  spillover  in  Cassegrain  geometries 
partially  couples  to  a warm  earth  and  generally  gives  rise  to  a 
significant  sidelobe  contribution  along  the  geostationary  arc  at 
an  angle  off  the  beam  axis  that  corresponds  to  the  feed  spillover 
angle  past  the  subreflector.  The  gain  (in  dBi)  of  this  sidelobe 
contribution  is  the  feed  system  gain  at  the  specified  angle  if 
the  feed  spillover  contribution  is  significantly  larger  than  the 
sidelobe  contribution  of  the  reflector  aperture  illumination. 

Figure  5-62  shows  the  aperture  illuminated  areas  on  the 
MBTA  for  beams  at  the  center  and  edge  of  the  field  of  view.  For 
the  majority  of  beam  positions,  roost  of  the  feed  “spillover"  past 
the  circular  illumination  area  is  collimated  by  the  reflector  and 
appears  in  the  main  beam. 
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Figure  5-62.  Extended  MBTA  Aperture  Area 
Decreases  Feed  Spillover 


The  calculated  antenna  temperature  characteristics  of 
the  offset  MBTA  at  X-band  axe  shown  in  Figure  5-63  as  a function 
of  the  local  elevation  angle.  This  curve,  which  is  applicable  to 
both  the  D = 27  ft  and  D •«  48  ft  MBTA  geometries,  includes  0.1-dB 
feed  system  losses.  Additional  losses  would  add 
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Figure  5-63.  MBTA  Antenna  Tunperature  at  X-Band 
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ABE  IIRAT I ON  - CO  KKECT I5JG  SUB  REFLECTORS 


Aberration-correcting  subreflectors20  have  been  inves- 
tigated at  COMSAT  Laboratories  as  a means  of  obtaining  better 
aperture  illumination  efficiencies  in  large-aperture  (D/X  >_  300) 
offset  MBTA  antennas.  The  correcting  subreflector  concept,  shown 
in  Figure  5-64,  involves  the  design  of  a second  reflecting  sur- 
face between  the  aperture  plane  of  the  MBTA  and  a designated  feed 
position  so  that  the.  path  length  from  any  point  in  the  aperture 
to  the  feed  position  is  identical.  To  realize  a reasonably  shaped 
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autotfejCl^ctor  design/  it  was  found  necessary'  to  ‘lisp  lace  the  para- 
bolic and  spherical  foci  of  the  META-  Hence,  because  the  cor- 
rected MBCA  reflector  has  very  poor  efficiency  when  utilized  with 
a focal  point  feed,  all  frequency  bands  (ranges  of  D/l)  that  uti- 
lize the  corrected  MSTA  configuration  must  operate  in  conjunction 
with  a correcting  subreflector. 

In  principle,  a correcting  subreflector  could  improve 
the  aperture  illdwinition  'efficiency  associated  with  the  smaller 
radius  of  curvature  MSTA  design  (D/R  « 0.5}  and  permit  the  use  of 
smaller  aperture  dimension  ratios  (W/D)  for  a’ specified  field  of 
view.  The  correcting  subreflector  surface  is  lossless  and  a sim- 
ple feed  horn  is  used. 

There  are  several  disadvantages  associated  with  the  use 
of  an  aberration-correcting  subref lector.  The  first  is  the 
mechanical  complexity  associated  with  the  feed/subref lector  sys- 
tem. The  feed  and  subreflector  must  be  carefully  aligned  and 
must  maintain  their  alignment  while  both  travel  on  different 
radii  of  curvature  to  scan  the  beam.  For  larger  aperture  X-band 
antennas,  the  subreflector  diameter  would  typically  be  5-10  ft 
and  the  precision  subreflector  surface  required  would  have  to  be 
protected. 

Use  of  the  aberration-correcting  subreflector  results 
in  a considerable  increase  in  the  minimum  beam  spacing  along  the 
geosynchronous  arc.  Figure  5-65  shows  that  the  diameter  of  the 
subreflector  limits  the  minimum  beam  spacing  rather  than  the 
diameter  of  the  feed  horn  aperture.  Figure  5-66  is  a photograph 
of  the  correcting  subreflector  that  was  designed  and  tested  on  a 
10-ft  scale  model  torus  at  COMSAT  Laboratories.  The  aberration- 
correcting  torus  demonstrated  aperture  illumination  efficiencies 
of  r\  - 72  percent  for  D/1  430.  The  -,10-in.  correcting  subre- 

flector diameter  for  the  10-ft  scale  mode),  would  correspond  to 
4 feet  for  a 4S-f t-diameter  MSTA. 


• ' • ' rvi 


t 

i . ' 

L.  ' 


■■'ii 

■•i 


l . . 


3 


* 


£-36 


-66.  Phase-Corrective  Subreflector  Designed  and 
Tested  at  COMSAT  Laboratories 
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5.16  ABERRATION-CORRECTING  FEEDS 

As  a second  method  of  offsetting  the  spherical  aberra- 
tion associated  with  large-aperture  MBTAs,  COMSAT  Laboratories 
has  developed  a unique  aberration-correcting  feed  system  con- 
cept.21 The  primary  feed  illumination  phase  pattern  is  designed 
to  compensate  for  the  spherical  aberration  phase  errors22*23  of 
the  reflector  system.  The  feed  system  required  to  correct  for 
spherical  aberration  effects  has  the  characteristics  shown  in 
Figure  5-67.  The  amplitude  pattern  is  rotationally  symmetric. 

The  phase  patterns,  which  are  uniform  in  the  plane  of  the  para- 
bolic section,  have  a phase  characteristic  in  orthogonal  direc- 
tions which  is  the  inverse  cf  the  phase  error  introduced  by  the 
spherical  aberration  of  the  reflector. 

A simple  3-element  array  implementation  of  an 
aberration-correcting  feed  system  is  shown  in  Figure  5-68.  If 
the  element  pattern  factors  associated  with  the  central  and  outer 
elements  are  respectively  cos111  (x^S)  and  cosn2  (x20),  the  feed 
array  voltage  becomes 


EC0,$) 


COSnl  (xj_  0 ) 

+ 2a  cosa2  (x28) 


cos 


(2”  f 


sin  6 sin  4> 


) 


(5-123) 


The  greatest  amount  of  phase  variation  in  the  4>  = 90°  plane  is 
obtained  for  a given  outer  element  amplitude  weight,  a,  by 
set  Lmy 


3 = ±90c 


(5-124) 


The  phase  pattern  in  the  non-arrayed  plane  is  then 
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Figure  5-67,  Primary  Pattern  Characteristics  of 
Aberration-Correcting  Feed  System 


COMSAT  Labs 


Multiple  Beam  Torus 
Antenna  Study 


Figure  5-68.  3-Element  Aberration-Correcting 

Feed  Array 

A uniform  phase  (independent  of  6)  requires  identical 
element  patterns 

cosn^  (x^6)  = cosn2  (Xj6)  (5-126) 

The  phase  pattern  in  the  arrayed  plane  then  becomes 


» tan' 
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(5-127) 
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The  afi  .'* ' tude  of  this  phase  distribution  is  determined  primarily 
by  a,  a relative  voltage  weight  of  the  two  outer  array  elements} 
the  spatial  distribution  is  determined  primarily  by  d/1,  the  feed 
element  diameters.  Figure  5-69  shows  the  amplitude  and  phase 
patterns  of  a 3-element  array.  There  is  generally  a tradeoff 
between  the  desired  amplitude  and  phase  patterns.  In  terms  of 
transmission,  the  outer  feet,  elements  can  be  assumed  to  create 
“mini-beams"  in  the  geosynchronous  arc  plane  which  are  phased  to 
narrow  the  beam  provided  by  the  central  feed  element. 

Figure  5-70  shows  5-  and  7-element  array  feeds  that 
provide  additional  degrees  of  freedom  in  realizing  aberration- 
correcting  feed  arrays.  The  corrected  and  uncorrected  principal 
plane  patterns  of  a symmetrical  MBTA  qecmetry  (D/X  « 1700,  D/R 
* 0.5)  are  shown  in  Figure  5-71.  A 5-element  array  feed  improves 
the  directivity  by  0.8  -IB,  and  the  overall  aperture  illumination 
efficiency,  n,  increases  from  60  to  72  percent.  The  corrected 
and  uncorrected  patterns  in  the  geosynchronous  plane  for  an  off- 
set MBTA  (D/X  = 820,  D/R  - 0.4,  and  10-percent  offset)  are  com- 
pared ir.  Figure  5-72.  The  directivity  improves  by  1.3  dB  with  a 
4-eloment  aberration-correcting  feed. 

Further  work  is  necessary  to  fully  evaluate  the  capa- 
bilities of  aberration-correcting  feed  systems  in  the  MBTA.  The 
improvement  in  beam  directivity  must  be  weighed  against  increased 
feed  system  complexity  and  losses..  One  major  advantage  of  the 
correcting  fe«d  system  is  that  it  is  used  with  MBTA  geometries 
designed  for  focal  point  feeds,  Hence,  lower  frequency  bands  can 
utilize  a single  focal  point  feed,  while  higher  frequency  bands 
associated  with  increased  spherical  aberration  can  utilize  an 
aberration-correcting  feed  array.  Of  course,  the  minimum  beam 
spacing  increases  with  the  effective  diameter  of  the  aberration- 
correcting  feed  system. 
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Figure  5-69.  Primary  Pattern  Characteristics  of 
3-Element  Aberration-Correcting  Peed 
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Fiqure  5-70.  7-  (or  5-)  Element  Aberration 

Correcting  Feed  Array 


Figure  5-72.  Offset  META  Patti 
D/X  « 820)  with  4-Element 
Correcting  Fae 
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6.  MEC^AMICAL  ARP  STRUCTURAL  CHARACTERISTICS 
. fo,  THE  t*NCORK£CTED  FRONT-FED 

6.1  ! , WORLDWIDE  DEPLOYMENT  CONSIDERATIONS 

The  decision  to  restrict  detailed  mechanical  and  struc- 
tural analysis  to  the  case  of  54-dB  gaih  at  7*25  GHz  resulted  in 
the  selection  of  the  27-ft  aperture  as  the  basic  MBTA  to  be  con- 
sidered. Fixing  electrical  performance  parameters  such  as  4>o, 
FOV,  D/R,  F/R,  and  D/X  yields  an  overall  aechanicai  -description 
of  the  reflector  as  summarized  in  the  specifications  table.  The 
projected  aperture  dimensions,  W x D,  are  60  x 27  ft  (IS  x 8 m), 
with  the  generating  parabola  vertex  offset  from  the  bottom  edge 
of  the  reflector  by  3 ft  (0.9  m).  The  aperture  width/diameter 
(W/D)  parameter  is  related  to  the  electrical  parameters  FOV  and 
D/R  as  follows: 


— “ 

sin  (FOV)  ( , 

, *FOVRAD  + / 

D/R  + 

L D/R  J 

The  amount  of  offset,  d,  of  the  bottom  edge  of  the  parabola  from 
the  feed  center  is  based  on  mechanical  criteria  of  feed  rail  sup- 
port and  expected  building  roof  dimensions  as  well  as  the  amount 
of  parabolic  plane  beam  scan  required.  This  distance  enables  the 
construction  or  an  enclosed  feed  btiu^Uic  without  aperture  area 
bicchagc. 

The  use  of  one  reflector  geometry  for  worldwide  deploy- 
ment by  DSCS  was  possible  once  a single  angle  of  generation, 
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was  found  to  satisfy  electrical  performance  criteria  at  ali  loca- 
tions* The  range  of  latitudes  and  differential  longitudes  to 
which  the  torus  geometry  is  applicable  varies  from  0°  to  75®, 
corresponding  to  locations  with  elevation  angles  greater  than  5°. 

Mechanical  description  of  the  single  ref lector/backup 
structure  begins  with  the  generating  parabola  definition. 


x’ 


(6-2) 


where  the  focal  length,  F,  is  defined  on  the  basis  of  parameters 
D,  D/R,  and  F/R.  Figure  6-1  shows  the  rotation  of  the  generating 
parabola  into  the  .local  coordinates  system  x,y,z  according  to  the 
t rans  formation 
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where  a « $o  - 90*. 

Figure  6-2  shows  the  derivation  of  the  angle  of  circu- 
lar rotation: 

@ = FOV°  + 2 sin"1  — 1 (6-4; 

[■28*41  & J 

where  is  the  radius  of  curvature  at  reflector  aperture 

height  d + D/2.  These  two  rotations  define  the  parabolic  torus 
surface  in  the  local  coordinate  system.  If  a common  backup  struc- 
ture is  defined  in  the  x,y,z  system,  as  shown  in  Figure  6-3,  it 
can  fce  rotated  with  the  reflector  surface  about  angle  0 to  form  a 
universal  structure  with  the  same  electrical  performance  regard- 
less of  location.  The  support  structure  becomes  the  means  of 
translating  the  torus  into  its  global  coordinates. 
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Figure  6-3*  Typical  4 -Panel  Generating  Truss 
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The  relationship  between  the  antenna  local  coordinates 
anti,  the  position -dependent  global  coordinates  is  defined  via 
three  angles j.  the  surface  generation  angle,  a,  the  elevation 
angle  in  the  aperture  plane,  £,  and  the  torus  azimuth  angle  in 
the  aperture  plane,  'St,-  Axvgl&s  £'  and  which  are  functions  of 
latitude,  differential  longitude  from  the  earth  station  to  the 
subsatellite  position,  and  thd  ratios  o£  earth  radius  to  satel- 
lite orbit  distance,  are  defined  as11* 
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(1  + xn2  - 2m  cos  ft}^2 


(6-6) 


where 

m * earth  radius/satellite  + earth  radius 
d * ground  station  latitude 

X = longitudinal  separation  of  ground  station 
from  the  subsatellite  position 
ft  * cos'"1  {cos  ft  cos  XI 


The  mounting  coordinates  are  found  by  translating  the 
local  coordinates  through  the  three  angles,  as  shown  in  Fig- 
ure 6-4.  Tlia  fci oust* fotuta f ion  relationship  between  the  v , y ; * and 
global  X,Y,a  systems  is 
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Figure  6-4.  Coordinate  System  Rotation  Angles 

For  the  analysis  five  sites,  listed  in  Table  6~1,  have 
been  chosen  to  represent  the  diversity  resulting  from  worldwide 
deployment  of  the  META.  These  sites,  which  represent  the  poten- 
tial spread  of  the  differential  longitude  and  latitude  of  exist- 
ing DCA  antennas,  are  chosen  relative  to  a central  satellite 
location  at  333°0Q,0Q"E  longitude.  The  locations  of  COMSAT  Labs 
(Fort  Dietrick)  and  Sweden  represent  the  majority  of  stations 
1 ing  between  20°  and  60"  latitude  and  20°  to  60°  differential 
naitude.  Iceland  represents  the  case  of  extreme  latitude,  but 
* antenna  mounting  does  not  change  radically  from  the  previous 
case. 
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Table  6-1.  Representative  Sites  for  Worldwide 
MBTA  Deployment 


Site 

Longitude 

Latitude 

Differential 

Longitude 

Mt.  Margret 

37°E 

2°S 

64“ 

Sweden 

13°E 

60°N 

40° 

Iceland 

340  °E 

66°N 

7° 

Ascension  Island 

346  °E 

7*S 

13° 

COMSAT  Laboratories 

282. 7°E 

39. 2°N 

-50.3° 

Mt.  Margret  and  Ascension  Island  represent  the  two  ex- 
treme siting  locations.  Only  two  DCA  antenna  sites  appear  to  fall 
in  the  Ascension  Island  category  of  nearly  horizontal  aperture 
plane  with  the  station  at  the  subsatellite  point.  This  case 
should  not  present  any  special  mechanical  problems,  since  its 
horizontal  attitude  precludes  severe  wind  loading  effects.  The 
Mt.  Margret  location  represents  those  earth  stations  at  extreme 
differential  longitude  (>60°)  and  low  latitude  (<20°).  Several 
DCA  earth  stations  appear  to  fall  in  this  category.  This  type  of 
antenna  attitude  experiences  the  most  severe  environmental  ef- 
fects. If  the  same  type  of  support  structure  is  used  for  all  an- 
tennas, it  will  provide  the  least  stiffness  for  these  locations 
due  to  the  reflector's  extreme  height. 


6.2  MECHANICAL  CONSIDERATIONS 

The  electrical  performance  reauirements  are  satisfied 
by  a 27-ft  reflector  with  D/R  = 0.4.  However,  the  mechanical 
problem  is  to  maintain  the  stringent  RF  gain  requirements,  espe- 
cially at  higher  frequencies.  The  relationship 
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= 10  Iocj^q  exp£-  “y~  cos  (6-8) 

defines  the  correspondence  between  gain  degradation  of  the  an- 
tenna (Gl)  and  the  normal  surface  root-mean  square  (rms)  devia- 
tion (e) , where  X is  the  beam  wavelength,  and  eOS£  is  the  feed 
pointing  angle. 

The  basic  specifications  require  the  design  of  one 
structure  whose  surface  deformation  is  small  enough  under  normal 
conditions  to  realize  54-dB  gain  at  7.25  GHz.  A second  iteration 
of  the  same  structure  was  performed  to  further  reduce  surface 
errors  to  meet  the  mere  stringent  requirements  at  20  and  30  GHz. 
Figure  6-5  plots  the  curves  of  gain  loss  vs  surface  deviation  in 
inches  for  the  KF  bands  under  consideration.  The  steep  slope  of 
the  curves  at  higher  frequencies  emphasizes  the  performance  limi- 
tations associated  with  surface  tolerances  above  the  11/14-GHz 
bands.  More  gain  loss  must  be  allowed  at  these  frequencies  under 
the  .same  environmental  conditions.  If  the  gain  loss  must  be  held 
to  0.5  dB  under  operational  conditions  at  20/30  GHz,  a radotne 
protective  structure  such  as  that  shown  in  Figure  6-6  may  be 
necessary. 

For  the  baseline  antenna,  the  maximum  rms  error  consid- 
ered was  0.040  in.  (1  mm),  allowing  a maximum  gain,  degradation  of 
0.5  dB  at  8.4  GHz.  The  degraded  performance  specification  was  set 
at  0.060-in.  (1.5-mm)  deformation  for  1-dB  allowable  gain  loss  in 
the  7/8-GHz  band.  The  effect  of  restricting  surface  deformation 
to  0.020  in.  (0.5  ram)  was  investigated  for  higher  frequency  an- 
tenna performance.  In  this  case,  the  gain  loss  is  restricted  to 
0.75  dB  at  20  Ghz  and  i.5  dB  at  3u  Gris. 

performed  to  identify  the  required  structural  characteristics  for 
achieving  0.040-  and  0.020-in.  surface  tolerances. 
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Figure  6-fc.  MBTA  with  Radome  Environmental 

Protection 
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The  feed  transport  mechanism  considered  for  the  study 
is  based  on  a design  that  has  been  built  and  tested  at  COMSAT 
Latis.25  Although  the  transport  shown  in  Figures  6-7  and  6-1  uti- 
lizes a front  rail  support  upon  the  wall  of  the  building,  a bot- 
tom rail  support  may  be  used  so  that  the  transport  will  have  ar* 
independent  support  and  foundation. 

The  narrow  width  of  the  transport  allows  two  adjacent 
feeds  to  be  separated  by  approximately  2°.  Additionally,  the 
universality  of  the  transport  design  permits  it  to  operate  at  any 
azimuth  angle  in  the  aperture  plane.  The  self-contained  drive 
and  support  features  of  this  transport  allow  arty  feed  to  be 
mounted  with  a wide  variation  in  allowable  center  of  gravity  <*nu 
feed  weight. 

The  two  orthogonal  drives  are  capable  of  tracking  both 
spacecraft  diurnal  motions  .and  spacecraft  station  variations 
using  an  open-loop  control  system  driven  by  a minicomputer. 
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Figure  6-8 • Orthogonal  View  of  Feed  Transport 
Mechanism  Support 
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6.3  ...  , . STRUCTURAL  DESIGH  CONSIDERATIONS 

The  .most  difficult  structural  design  problem  is,  to 
obtain  a single  antenna  structure  package  that  is  suitable  for 
all  potential  sites  and  environmental  criteria.  Only  minor  modi* 
fications  in  the  antenna  support  and  feed  tower  structures  can  be 
made  to  suit  the  individual  station  requirement.  , 


Figure  6-9.  Reflector  Geometry 


As  defined  by  the  RF  transmission  data  (Figure  6-9} , 

! ' , ’•  |«‘  , ' r ' 

the  reflected";  geometry  is  symmetric  about  the  axis  of  revolution. 
Across  the  parabolic  arc  the  curvature  of  each  section  is  unique. 
Thus,  the  cost  of  fabricating  the  individual  molds  or  mandrels 
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COMSAT  tab*. 


can  be  reduced  by  minimizing  the  number  of  parabolic  panels,  Bowr 
■avey#  other  considerations  including  handling,  storage,  and  ship- 
ping become  important,  especially  as  the  aperture  diameter  sisse. 
increases.  Figure  6-10  shows  the  configuration  that  is  considered 
optimum  based  on  a tradeoff  study.  For  a reflector  in  the  2/- ft- 
aperture-diameter  range,  a conf igdration  of  four  parabolic  and 
eight  circular  sections  appears  to  be  advantageous  in  terms  of 
weight  and  complexity.  , ptw*  ve# 


BC.O 


» — -- 

A u RADIUS  106.20**' 

A?  ft" 


- **704-208 


- 743.828" 
-713J63* 
•794.216* 
806-984" 

r* 


. ^ I . I * I 1 1-0  I t-*3l  ; 

i-r  i »-<.  t «-*.  i 


743.828 


773.168 


794.216 
- 806.984 


IfcCTWW 


2- 1  2-1  2-1  2-1  2*1  24  24  2-1 

3- 1  34  34  5-1  3'1  34  3-1  34 

^ — > 

^4-2  4-2  4-2  4-Z  4-2  4-2 j^/? 

ZL  4-1 


WRiOt*  f4Ci  Kft 


Figure  6-19.  27-ft  MBTA  Reflector  Panel  Configuration 

The  backup  structure  for  this  panel  configuration  re- 
quires a support  at  each  panel  corner,  adequate  stiffness,  modu- 
larity, reasonable  weight,  simply  erectable  connections,  and 
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universal  applicability.  Figure  6-3  shows  the  primary  vertical  , 
members.  A triangular  spine  truss  is  rotated  about  the  axis  of 
revolution,  and  a vertical  truss  is  built  around  the  spine  at 
each  circular  panel  section.  The  vertical  members  are  stabilized 
by  secondary  horizontal  trusses  also  following  the  curvature  of 
the  axis  of  revolution.  Additional  diagonal  bracing  is  added 
during  structural  analysis  to  obtain  the  required  structural 
stiffness  and  mechanical  performance.  Figure  6-11,  which  shows  a 
typical  backup  truss,  indicates  the  location  of  diagonal  members 
and  vertical  and  horizontal  trusses.  The  reflector  surface  would 
be  tied  into  the  backup  truss  through  adjustable  support  mecha- 
nisms to  enable  tne  maintenance  of  prupex  panel  alignment  and 
contour  and  thermal  stress  relief  between  the  aluminum  panels  and 
steel  members. 

A 3-point  pickup  support  enables  perfect  alignment  of 
the  elevation  and  tilt  angles  of  the  reflector  during  erection, 
however,  for  a structure  of  60  x 27  ft  or  more,  the  stiffness  of 
only  tnree. supports  would  be  inadequate  to  maintain  performance 
even  at  lower  frequencies.  Consequently,  a minimum  of  four  sup- 
port points  has  been  adopted.  The  configuration  shown  in  Fig- 
ure 6-12  has  the  required  stiffness  for  the  27-ft  reflector  at 
most  locations  under  all  specified  conditions.  For  earth  stations 
for  which  a more  extreme  positioning  or  tighter  mas  tolei'ance  is 
required,  a support  of  six  or  more  points  might  be  necessary 
< Figure  6-13) . 

The  feed  transport  building  is  assumed  to  be  a pre- 
engineered environmental  enclosure  for  a cost-effective  struc- 
ture. To  ensure  that  envi.rcrrr.tnt al  effect-*  An  not  result  in  beam 
deformation,  the  feed  mechanism  support  is  assumed  to  be  indepen- 
dent of  the  enclosure’s  foundation.  The  minimum  building  size  of 
12  ft  on  a side  accommodates  other  mechanical  and  electrical 
equipment  and  provides  work  room  around  the  transport  mechanism. 
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. . APPLILC  LOADS  ANALYSIS 
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To  design  a universally  applicable’  torus  antenna,  the 
’ .'bd-aic have.  been  used  to  define  the  required 
loading  conditions  for'  all  .merJberi.  and  the  necessary  Kt’  per for- 
’ •.'fflAaca.  $£  the  final  structure under  those  conditions*,  Th#  basic.' 

• : forces  appl|.bd. 'to  ...the..  MBTA.-sfcxuctttral.  model  to  tost  its  perfor- 
mance are  Wind#’  gravity,  and  temperature  variations.  • Of  these. 

:'  threa#  . wind,  loading  ia  by  far  the  most  severe  design  condition. 


6.4.1 


GHAVITV 


The  deflection  of  the  structure  under  its  own  weight  is 
calculated  alone  and  in  coinbin  at  ion  with  the  other  forces.  Since 
gravity  ia  a static  load,  its  effects  can  be  offset  by  applying  a 
corrective  deflection  at  each  of  the  panel  support  points  during 
erection . 


6.4.2 


VJXNO 


The  operational, . degraded  operational,  and  survival 
wind  loads  are  defined  in  the  • specif ieatioins  .as  45,  60,  and 
125  nph, ’ respectively , Wind  forces  are  applied  to  the  structure 
by  calculating  the  wind  pressure  on.  the  reflector  panels  accord- 
ing to  the  relationship5 * 
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The  net  force  applied  to  each  joint  of  the  backup 
structure  is  the  .wind,  pressure  times  the  projected  panel  surface 
area  in  the  direction  e£  the  load.  Both  front  and  ^ wind 
forces  are  calculated  to  determine  the  worst- case  condition*  for 
design.  The  global  * and  T axes  are  used  to  define  trout  and  aide 
: wind, directions.  .Figure  6-14  demonstrates  th*  variation  in  pro-  . 

. jected  wind  surface  Urea  with  change  in  station  location. 
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Figure  6-14.  Koxmalxtad  Projected  Area  IA/{W  * Ti) 


Multiple  Beam  Torus 
Antenna  Study 


6.4.3 


TEMPERATURE 


Structural  deflections  due  to  a 10CF  (5. S°C)  differen- 
tial temperature  between  the  front  surface  (reflector  joints)  and 
the  backup  and  support  structures  are  calculated.  This  loading 
condition  represents  the  case  in  which  solar  reflection  warms  up 
the  exposed  reflector  surface  faster  than  the  sheltered  struc- 
tural  members,  for  example,  in  the  early  morning. 


ALLOWABLE  DEFORMATION  AND  TILT  ERROR  BUDGET 


6.5.1 


SURFACE  rms 


Manufacturing  tolerances,'  rigging  adjustments,  and  de- 
flections due  to  gravity,  wind,  and  'thermal  loads  are  sources  of 
surface  deformation.  For  a first  design  iteration  the  total 
allowable  rms  error  budget,  is  split  equally  among  the  three 

separate  categories,  manufacturing  a) , erection  (sr) » and  en- 
vironment (ee) • since  their  effects  ire  uncorrelated27: 


Uj]12 


= U2  + e?  + eM2 


(6-10 


The  total  environmental  rms  error  is  the  sum  of  the  de 
flections  of  the  panel  surface  (cp)  and  the  backup/support  struc 
tures  (es)  due  to  wind,  thermal,  and  gravity  forces: 
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Manufacturing ' and  rigging  rws  errors  are  considered  as  a total 
for  the  whole  system. 

The  basic  MBTA  required  gain  of  54  dB  at  7.25  GHz  calls 
for  a minimum  operational  rms  surface  tolerance  of  0.040  in . 

(1  mm)/  including  0.023-in.  (G.SS-mm)  deformation  due  to  each  of 
the  manufacturing,  erection,  and  environmental  effects.  If  these 
effects  are  kept  equal,  the  deflection  due  to  wind,  temperature, 
and  gravity  is  limited  to  0.016  in.  (0.41  mm)  each  for  the  panels 
and  support  structure.  Ideally  the  deflection  of  the  structure 
under  its  own  weight  is  corrected  during  erection,  and  the  dis- 
tortions due  to  dif farential  temperature  axe  relatively  small. 
Consequently,  the  majority  of  the  environmental  errors  can  be 
budgeted  to  the  wind  load,  deformations. 

6.5.2  POINTING  ERROR  1 

The  possible  sources  of  pointing  error  are  wind, 
gravity,  and  thermal  deflections  of  the  support  structure;  align- 
ment errors  during  erection  of  the  antenna.;  and  displacements  of 
the  feed.  Deflection  of  the  feed  structure  itself  can  be  elimi- 
nated by  separating  the  foundation  and  supports  of  the  feed 
mechanism  and  the  feed  tower.  Thus,  the  feed  travel  is  not  sub- 
jected to  displacement  due  to  wind  loads  on  the  building  walls  or 
thermal  distortions  in  its  controlled  environment.  Adjustments 
of  the  feed  can  be  used  to  compensate  for  the  lateral  displace- 
ment. of  che  reflector  structure  and  reduce  the  pointing  error. 
Hence,  displacements  due  to  overall  MBTA  pointing  error  are  sub- 
tracted from  the  total  displacement,  at  each  point  to  obtain  the 
uncorrected  rms  surface  error. 
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6.6  STRUCTURAL  MODEL 

The  RF  transmission  data  define  the  generating  para- 
bolic toroidal  surface28: 

z4  - SFz2  - 16F~ Cx2  + y2)  + 16 (FR) 2 * 0 (6-12) 


where  x,  y , and  z are  calculated  via  transformation  equa- 
tion (6-3).  The  four  basic  parts  of  the  torus  antenna  are  the 
reflector  surface  panels,  the  backup  truss,  the  support  struc- 
ture, and.  the  concrete  foundation.  Since  the  backup,  support, 
and  foundation  are  dependent  on  the  panel  size,  and  number  and 
type  of  corner  supports,  design  iterations  were  first  performed 
on  a typical  reflector  surface  panel  to  optimize  its  parameters. 


6.6.1  PANELS 


\ 

I-anel  optimization  involved  finding  a practical  design 
of  minimum  cost  and  weight.  The  factors  influencing  the  design 
were  material  type,  fabrication,  assembly  techniques,  transport- 
ability, and  erection  ease.  It  was  decided  to  limit  the  design 
to  established  fabrication  techniques,  easily  available  materials 
and  common  overall  size  and  weight.  The  maximum  panel  dimension 
was  chosen  as  9 ft  to  accommodate  shipping  size  limitations. 
Alumxnuia  was  used  as  the  basic  surface  material  due  to  its  good 
strength-to-weight  ratio,  availability,  good  RF  characteristics, 
relatively  low  cost,  and  the  large  number  of  fabrication  houses 
familiar  With  its  use  in  curved  panels.  For  ease  or  erection  it 
was  decided  to  limit  backup  structure  connections  to  simple  sup- 
ports at  each  corner  point. 
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For.  large  panels,  the  advantages  in  terms  of  coot  were-, 
as  follows: 

a«  few  manufacturing  mandrels, 

b.  leas  joints  for  simpler  erection  procedures, 

c.  greater  alignment  Control,  and 

d.  a simpler  backup  structure. 

For  smaller  panels  the  advantages  were  as  follows: 

a.  light  weight  for  ease  of  shipping  -and  handling, 
b*  greater  stiffness  tor.  each,  panel. 

c.  ease  of  manufacture,  and 

d.  lower  cost  per  unit  area. 

In  addition,  the  following  panel  material  configuration  tradeoffs 

were  considered: 

. . \ 

a. -  solid  aluminum  plate, 

b.  thin  aluminum  plate  backed  with  corrugated  aluminum 
sheet, 

c.  thin  aluminum  plate  with  aluminum  stiffeners,  or 

d.  aluminum  honeycomb  with  aluminum  face  skins. 

To  determine  the  optimum  plate  size  and  configuration, 
the  maximum  rros  deviation  is  defined  as 
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where  &ma.x  ia  the  maximum  allowable  .panel  def  lection.  .From  the 
error  budget,  6‘ailJi  is  0.014  in*  (0,039  cm)  and  0*028  in. 

(0.176  cm)  , respectively,  for  20-  and  40-.mil  overall  ms  toler- 
ances in  45-mph  winds. 

For  simplicity,  the  plates  are  assumed  to  be  flat  for 
the  initial  sizing.  This  is  a conservative  .assumption  since 
curved  plates  have  greater  rigidity  than  flat. plates.  The  de- 
flection of  comer-supported  square  plates  is  defined  as29 


(6-14) 


where 

a « function  of  edge  stiffness  = 0.0249 
q - uniform  wind  load,-  0.050  lb/in2  (0.034  N/cm2} 
a * side  dimension 

D = plate  stiffness  = Eh3/[12(1  - v2)] 

E - 107  psi  (7  x 10s  H/cm2)  , the  aluminum  modulus 
of  elasticity 
v - Poisson's  ratio  =0.3 
h » plate  equivalent  thickness 


The  resultant  equivalent  plate  thickness  required  for 
vari  us  ms  surface  tolerances  is  shown  in  Figure  6-15.  This  fig- 
ure indicates  that  the  minimum  total  weight  is  22.5  psf  (1089  N/ 
cm2)  for  a solid  aluminum  8-ft  square  plate  configuration  vs 
8.9  psf  (427  U/m2)  for  a 4-£t  plate.  The  equivalent  plate  thick- 
ness for  corrugated  honeycomb  or  beam-stiffened  thin  plates  is 


hequiv  * . (6-15) 

where  I is  the  section  area  moment  of  inertia  per  unit  length. 
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Figure  6-15  indicates  the  critical  relationship  of 
panel  size  to  surface  tolerance.  Since  the  60-mph  curve  dominates 
in  both  cases,  the  recommended  maximum  panel  sizes  appear  to  be 
8 and  6 ft  for  the  40-  and  20-mil  cases,  respectively.  Some  ex- 
amples of  equivalent  stiffened  plates  are  shown  in  Figure  6-16. 
For  a typical  8-It  square  plate,  the  section  moment  of  inertia 
required  to  meet  the  60-s'l  surface  tolerance  criteria  at  60  mph 
would  be  0.42  in3/in.  (2.7  croVcm) • 

Begardless  of  configuration,  the  thinnest  aluminum  face 
sheet  used  was  0.060  in.  (0.152  cm)  to  protect  the  reflector  sur- 
face from  permanent  deformation  due  to  the  impact  of  hailstones 
or  other  moderate  size  particles. 2 7 > J 0 Based  on  a maximum  panel 
dimension  of  9 ft  (2.7  m) , several  reflector  configurations  were 
analyzed  (Figure  6-17).  To  reduce  wind  deflections  on  the  struc- 
ture, the  four  corner  panels  were  shaped  to  eliminate  unnecessary 
surface  area*  The  configuration  of  three  parabolic  panel  sections 
would  require  irregularly  shaped  corner  panels  to  accomplish  the 
area  reduction  without  gain  loss.  Simple  triangular  corner  panels 
can  be  used  with  four  parabolic  panel  sections  to  minimize  area 
reduction. 


6.6.2  BACKUP  STRU CTURE 


Based  on  the  results  of  the  panel  optimization,  a stiff, 
lightweight,  universal  support  was  needed  for  the  reflector.  To 
add  commonality  to  both  the  backup  structure  and  the  reflector, 
the  main  structural  frame  is  a basic  vertical  truss  structure 
tied  to  the  panels  at  each  corner  point.  Tiie  generating  truss  iu 
rotated  about  the  axis  of  revolution  of  the  reflector.  Additional 
stiffness  is  obtained  by  tying  each  vertical  frame  together  via 
horizontal  trusses  and  diagonal  bracing.  Given  the  latitude  and 
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Figure  6-16*  Reflector  Panel  Cross  Section 
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longitude  at  the  desired  earth  station  location,  the  backup 
structure  and  reflector  panels  are  then  rotated  into  the  gioMl 
coordinate  system. vja  transformation  equation  (6-1) * Sosas  typical 
cna f igur.ati.oas  considered  for  th*  generating  vertical  truss  are 
ehowti  in  Figure  6-18. 

After  panel  analysis  design  iterations,  it  was  decided 
to  use  a 4 8 panel  reflector  surface  as  the  baseline  configura- 

tion. The  panel  layout  showh  in  Figure  6-19  was  chosen  for  de- 
sign iterations.  The  nine  vertical  trusses  required  for  this 
configuration  axe  supported  by  the  main  spine  truss  generated  as 
a curve  about  the  axis  of  rotation  of  the  reflector. 

All  members  in  this  analysis  are  A36  structural  steel 
in  commonly  available  sizes.  Ideally  the  reflector  Surface  panels 
axe  attached  to  the  truss  at  each  corner  by  rods  with  adjustment 
mechanisms  to  make  alignment  corrections  during  erection. 

A 4-point  attachment  to  the  support  structure  was  used 
for  the  initial  design,  iterations.  A detailed  view  of  the  backup 
structure  reduced  from  a NASTRAN  plot  for  the  27-fu  wBTA  is  shown 
in  Figure  6-20. 

6,6.3  SUPPORT  POINTS 

1 The  type  of  support  members  is  determined  by  the  re- 
quired stiffness  of  the  torus  structure  in  its  operational  posi- 
tion. The  structural  stiffness  in  turn  is  a function  of  the 
number  and  spacing  of  pickup  arid  foundation  points,  the  unbraced 
length  of  the  steel  members,  and  their  relative  configuration. 
Thus,  each  location  requires  a unique  support  structure  to  accom- 
modate its  antenna  positioning. 


6-29 


8 


6-31 


COMSAT  Labs  Multiple  Beam  Torus 

Antenna  Study 

The  simple  'steel  support  structure  shown  In 

figure  €-21  was  used  for  design  iterations  of  the  basic  MBTA  an- 
fcehna.  it  uses  a lower  tripod  as  the  main  static  load  carrying 
member . The  dynamic  wind,  load  is  transmitted  through  the  V and  A 
frames  to  ground*  The  V frame  can  also  nerve  as  a pivot  mechanism 
for  correcting  the  tilt  or  the  antenna  during  erection*  This  par- 
ticular a^pgriv  Systato.  • is  not  a self -standing  structure;  the 
backup  st raCtdre ' member  assembly  must  be  included  to  achieve 
overall  stability.41 

figure  €-11  shows  a stable  and  lest  flexible  support 
structure.  This  configuration  might  be  necessary  at  sites  where 
the  noat  severe  wind  load  overturning  moments  occur,  or  where, 
because  of  the  extreme  length  of  the  V and  A frame  members  and 
the  required  anterna  sire  or  extreme  site  location,  the  6 -member 
design  is  ur.ee use rv at ive. 

Figure  6-22  shows  the  stiffness  requirements  of  the 
same  reflector  translated  to  different  locations.  The  projected 
area  times  siaximuia  reflector  height  is  normalized  to  its  surface 
area  tinws  the  aperture  height  to  give  a measure  of  the  relative 
wind  loading  deformation  problem.  It  can  be  seen  that  the  dynamic 
deflections  at  the  Mt«  Margret  location  are  potentially  six  times 
as  severe  as  those  at.  the  Ascension  Island  location. 


i. 7 STRUCTURAL  LAYOUT 

The  MBTA- 11  program,  developed  at  COMSAT  Labs,  estab- 
lishes the  precise  geometrical  coordinates  of  antenna  panels, 
backup,  support  structures,  and  feeds  based  on  optimum  RF  param- 
eters and  site  location.  The  main  part  of  the  program  lays  out 
the  panel  ana  panel  support  geometry,  front  and  side  wind  loads, 
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and  transmitted  panel  weight  to  the  corner  points.  All  calcula- 
tions are  performed  in  the  local  (RF  parameter)  coordinate  system 
and  translated  to  the  global  (site-dependent)  coordinate  system. 
Subroutines  within  MBTA-11  determine  the  local  coordinates  of  the 
desired  backup  and  support  structures.  These  routines  are  kept 
separate  to  simplify  programming  changes  to  accommodate  a new 
configuration  truss  system,  foundation  layout,  or  pickup  point 
designation. 

MBTA-11  outputs  the  NASTRAN  grid  point  sequencing  for 
the  individual  panel  shape,  as  shown  in  Figure  6-23/  and  for  the 
backup  truss,  pickup  points,  and  foundation  supports,  as  shown  in 
Figures  6-24  and  6-25.  MBTA-11  also  details  necessary  drafting 
and  surveying  information,  including  the  actual  arc  and  chord 
lengths  of  the  panels  as  well  as  the  relative  location  of  the 
feeds  from  the  reflector,  referenced  to  the  generating  paraboloid 
vertex. 3 2 


6.8  LOAD  ANALYSIS 


All  environmental  loads  are  generated  in  the  MBTA-11 
program.  Based  on  results  from  panel  design  iterations,  a pro- 
jected panel  weight  per  square  inch  is  input.  The  program  calcu- 
lates the  equivalent  concentrated  mass  at  each  panel/truss 
support  point.  Thermal  loads  are  generated  based  on  a 10°F 
(-12°C)  temperature  at  the  panel  support  points  and  a 0°F  (~18°C) 
temperature  at  all  other  structural  joints. 

Wind  loads  are  generated  based  on  the  projected  panel 
area  in  the  plane  perpendicular  to  the  direction  under  considera- 
tion. The  wind  load  vector  is  always  assumed  to  be  parallel  tc. 
ground  for  simplicity.  In  reality,  it  rarely  goes  above  10°  to  the 
horizontal.  Wind  loads  are  calculated  in  the  local  coordinate 
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Figure  6-23.  NASTRAN  Plate  Element  Numbering 
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system  and  reduced  in  proportion  to  the  cosine  of  the  elevation 

angle  in  the  aperture  plane  to  determine  the  borizontal-to-beam 

. ' i 

(JiTB.)  tiinJ  loads.  The  wind  forces  are  also  generated  perpen- 
dicular to  the  global  -X  and  ±Y  axes  to  determine  the  overturning 
and  torsional  effects  of  front  and  side  wind  forces. 
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Figure  6-25.  NASTRAN  Foundation  Grid  Point  Layout 

The  environmental  loading  cases  are  enumerated  in 
Table  6-2.  In  addition  to  gravity  and  thermal  conditions,  ef- 
fects of  wind  forces  of  45,  60,  and  125  mph,  corresponding  to 
operational,  degraded  operational,  and  survival  conditions,  are 
calculated. 

Since  wind  tunnel  tests  are  not  available  for  the  to- 
roidal antenna,  the  exact  wind  pressure  coefficients  are  not 
known  for  this  shape.  A review  of  the  literature  pertaining  to 
tests  on  more  common  structural  shapes  indicates  that  a discharge 
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coefficient  of  1.4  for  the  front  wind  is  conservative. 26 • 3 3 This 
also  demonstrates  one  advantage  of  a relatively  flat  toroidal  re- 
flector over  the  curved  paraboloid.  Wind  tunnel  tests  performed 
on  parabolic  reflectors  indicate  that  a discharge  coefficient  of 
at  least  1.7  is  used  for  safe  design.  This  represents  a relative 
increase  of  21  percent  relative  to  the  wind  loads  over  a toroidal 
ref lector* 4 of  equal  area. 


6.9  STATIC  ANALYSIS 


Given  the  grid  point  sequencing  and  load  case  cards 
from  MBTA-11,  a structural  model  for  bar  and  rod  members  is  gen- 
erated for  the  NASTRAN  input  deck  based  on  the  truss  and  support 
structure  layouts  in  Figures  6-24  and  6-25.  All  rotational  de- 
grees of  freedom  are  eliminated  from  the  model  to  simulate  a 
totally  pin-connected  structure.  This  use  of  bolt-  or  pin-type 
connections  permits  a structure  that  is  easy  to  assemble  and  dis- 
mantle as  required. 

The  backup  truss  was  modeled  by  CBAR 3 5 members,  hence 
permitting  the  use  of  elements  with  triaxial  stiffness.  Since  a 
primarily  uniaxially  stiff  structural  member  such  as  tubing  is 
required  for  the  basic  7-member  support,  the  support  members  were 
modeled  by  CROD35  members.  Additional  bracing  members  were  in- 
cluded as  necessary  during  analysis.  In  conjunction  with  the 
surface  rms  results,  the  stiffness  of  beams  in  some  locations  was 
increased  while  the  area  and  moment  of  inertia  (MOI)  of  others 
were  reduced.  All  selected  areas  and  MOI  values  correspond  to 
real  members  in  the  Manual  of  Steel  Construction.  The  primary 
backup  truss  members  were  mainly  double-angle  beams,  the  secon- 
dary diagonal  bracing  members  were  single-angle  beams  and  the 
support  structure  members  were  extra  strength  round  tubing. 


ii 
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During  static  analysis  iterations*  as  shown  in  Fig- 
ure 6-26,  there  were  two  criteria  for  the  final  design.  First 
the  rms  deflection  was  checked  for  each  case.  If  the  allowable 
surface  tolerance  for  the  operational  or  degraded  performance 
cases  was  exceeded,  additional  stiffness  was  provided  or  extra 
members  were  included.  Secondly,  the  structural  stresses  on  mem- 
bers at  the  survival  loads  were  checked.  Ary  member  exceeding 
the  yield  stress  limit  or  buckling  stress  criteria  was  stiffened 
accordingly. 

The  yield  stress  for  the  backup  truss  and  support  mem- 
bers was  assumed  to  be  36,000  psi  for  A36  steel.  With  a margin 
of  safety,  24,000  psi  was  considered  the  maximum  allowable  bend- 
ing stress.  For  long  unbraced  members  the  maximum  allowable 
stress  was  determined  from  the  buckling  criterion5 6 


Fa 


12^2E 
23  (Kl/r)  2 


(6-16) 


where 

Fa  » allowable  axial  stress 
E = modulus  of  elasticity 
K1  * unbraced  length 
r = section  radius  of  gyration 


In  most  static  analysis  iterations,  deflection  was  the 
governing  criterion  for  sizing  the  backup  truss  members . The 
maximum  bending  stress  determined  the  size  and  layout  of  the 
pickup  point  matchers  between  the  backup  truss  and  support  struc- 
tures, and  the  buckling  criteria  governed  the  design  of  the  sup- 
port members  due  to  their  long  unbraced  length. 
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6 . ’.0  DYNAMIC  AKAEVS TS 

Although  static*  analysis  vas  the  primary  solution  of 
interest  during  this  study,  the  NAfTRAN  normal  mode  analysis  is 
also  useful.  To  determine  the  wind  velocities  at  which  the  natu- 
ral frequency  of  a structure  will  cause  resonant  vibration  of  the 
reflector,  the  fundamental  natural  frequency  must  be  known.  The 
relationship  between  these  parameters  is  defined  by  the  nondiiaen- 
sional  Strouhal  member 51 : 


ni  D 


(6-17 } 


where 

n^  - natural  frequency  in  Hz 
Vi  * wind  velocity  at  resonance 
D * structural  diameter 

The  fundamental  frequency  of  the  27- it  MBTA  is  12  Hz. 
Assuming  a Strouhal  number  between  0.15  and  0.20  results  in  crit- 
ical wind  velocities  between  HOC  and  1470  nph;  hence,  there 
should  be  few  difficulties  with  resonant  vibration.  To  prevent 
problems  at  the  maximum  design  winds  of  125  mph,  the  natural  fre- 
quency should  be  at  least  a half  power  beam  width  above  the  crit- 
ical frequency,  or  about  2 Hz.  Even  for  200-mph  wind,  the  12-Hz 
fundamental  frequency  is  well  above  critical. 

6.11  ERROR  ANALYSIS 

The  MBTA-12  program  was  developed  to  calculate  the  rms 
surface  deflections  of  the  MBTA  surface  based  on  RASTRAN  results. 
The  grid  point  deflections  for  NASTRAJ*  are  punched  on  cards  as 
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well  as  printed*  The  punch  cards  of  the  original  undetomed  loca- 
tion of  the  reflector  surface  grid  points  and  deflection  output 
comprise  the  input  of  HBTA-12. 

The  surface  ras  error  is  defined  as 


ci;a  a 


(6-18) 


where  tx  is  the  deflection  at  individual  surface  points.  Due  to 
the  antenna  tilt  correction  capability  of  the  feed  mechanism,  the 
deflections  due  to  angular  movements  of  the  structure  as  a whole 
are  not  included  in  the  rms  error  calculation.  Hence,  a deformed 
surface  fitting  expression  is  needed.  The  simplest  method  is  to 
calculate  the  best  fit  parabola  for  each  vertical  section  cut  and 
calculate  the  individual  section  tilt,  at  that  location.  However, 
this  method  omits  the  horizontal  aperture  tilt  as  well  as  the 
relationship  between  sections.  Therefore,  a surface  fitting 
relationship  based  on  equation  (6-125,  the  exact  expression  for 
the  parabolic  toroidal  surface,  is  used.  To  simplify  the  results 
the  square  root  of  t'ne  sum  of  the  squares  (SR S3)  deflection  is 
calculated  from 


Di 


(6-19) 


and  applied  as  a single  x-axis  deflection.  This  assumption  is 
realistic,  since  in  moc*-  cases  the  largest  deformation  occurs 
parallel  to  the  x-axis  due  to  front  wind  loads. 
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Equation  (6-12) , which  is  expressed  in  the  form 


= a; 


- A, 


zr 

2 


‘ A2(Xi 


+ yt)  + 1 


(6-20) 


where  ej.  is  the  function  error  to  be  minimized,  has  been  divided 
by  16  F2R2  to  minimize  computationa''  error  on  the  IBM-360  com- 
puter. Curve  fitting  by  the  least  squares  method  is  performed 
based  on  a minimization  of  the  sum  of  the  deviations  squared37: 


n 


(6-21) 


If  S is  a minimum,  then  OS/OAjj  = 0 and  OS/dA^)  - 0.  These  ex- 
pressions reduce  to  two  equations  in  which  Aj,  and  ,A2  are  solved 
for  the  best  surface  fit. 

The  tilted  surface  Xj_  values  are  then  derived  by  sub- 
stituting back  into  the  original  equation.  Horizontal  and  verti- 
cal surface  tilts  are  measured  from  the  new  x coordinates  and  the 
old  y and  z coordinates.  The  rms  deflection  is  then  derived  from 
the  difference  between  the  deflected  Xj,  coordinate  and  the  tilted 
surface  Xj.,  as  shown  in  Figure  6-27. 

The  left  local,  center  local,  and  right  local  rms 
values  are  given  as  well  as  the  overall  rms  surface  tolerance. 

The  local  values  are  perhaps  a more  accurate  measure  of  the  gain 
loss  of  the  antenna,  since  these  areas  are  covered  by  a single 
beam  illumination  rather  than  the  whole  reflector  surface. 
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7.  COST  ESTIMATES  FOR  A RECOVERABLE  MBTA 

The  cost  data  presented  in  this  section  for  various 
antenna  sizes  are  based  on  a central  satellite  location  of  333° 
east  longitude,  an  earth  station  located  at  COMSAT  Labs,  a field 
of  view  angle  of  30°,  and  a surface  generation  angle  ($q)  of 
93.5°.  All  parameters  used  to  determine  cost  estimates  are  out- 
put  from  the  program  MBTA-11.  These  parameters  include  the  re- 
flector width  (W) , which  is  used  with  the  aperture  diameter  (D) 
to  determine  the  antenna  surface  area,  the  maximum  reflector 
height;  the  feed  arc  length  and  depth;  and  the  corresponding 
dimensions  of  the  feed  building.  In  all  cases  ground  level  is 
assumed  to  be  5 ft  below  the  lowest  point  on  the  reflector. 

Fabrication  costs  include  the  costs  of  reflector  sur- 
face panels  and  backup  truss  and  support  members.  As  shown  in 
Figure  7-1,  these  costs  are  a function  of  surface  area  and  rms 
surface  tolerance.  The  RF  panels  are  assumed  to  be  stretch- 
formed  aluminum,  approximately  eight  feet  on  a side,  over  uni- 
directional stiffeners  and  edge  beams.  Only  the  support  member 
length  changes  with  station  location.  Since  the  cost  of  the 
extra  length  of  steel  required  at  different  sites  is  negligible 
relative  to  the  total  cost,  it  was  not  included  in  that  total 
cost. 

Estimated  erection  costs  are  given  as  a function  of 
surface  area  only  in  Figure  7-2.  Unlike  fabrication  costs,  erec- 
tion costs  are  not  scaled  for  surface  tolerance  since  accurate 
placement  of  all  members  is  required. 

The  antenna  foundation  costs  are  scaled  from  the  vol- 
ume of  concrete  (24  yd3)  which  is  assumed  to  be  necessary  to 
support  the  COMSAT  UET  antenna  (32  x 55  ft)  on  moderate  to  good 
soil.  The  foundation  size  is  assumed  to  be  proportional  to  the 
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area  and  overall  height  of  the  reflector.  Since  the  type  of 
soil  at  any  two  sites  varies  greatly  in  bearing  capacity,  the 
cubic  yardage  assumed  for  this  estimate  should  not  be  taken  as 
an  exact  guideline.  Cost  per  cubic  yard  was  taken  from  building 
construction,  cost  data  for  1977  based  on  estimated  amounts  of 
excavation,  forms,  concrete,  and  reinforcement  required  per 
footing. 38 

The  feed  transport  mechanism  cost  is  quoted  as  a con- 
stant $12,000  independent  of  aperture  size,  since  the  rails  and 
support  steel  work  are  included  in  the  building  price  estimate. 
The  transport  cost  is  based  on  an  actual  mechanism  designed, 
built,  and  tested  at  COMSAT  Labs. 

The  feed  building  costs  include  those  of  the  transport 
rails  and  support  structure,  a pre-engineered  environmental  en- 
closure, and  separate  foundations  for  the  transport  and  building. 
The  rail  and  mechanism  support  costs  are  estimated  from  values 
for  the  width  and  height  of  the  feed  arc.  Figures  7-3  and  7-4 
show  these  parameters  as  a function  of  location  for  a 27-ft 
reflector  with  D/R  * 0.4.  The  feed  building  is  assumed  to  be 
several  feet  larger  than  the  transport  dimensions  with  a minimum 
of  12  ft  on  a side.  For  simplicity,  ground  level  is  assumed  to 
be  the  same  as  that  of  the  reflector.  Estimates  are  based  on 
prices  for  pre-engineered  buildings,  steel  work,  and  concrete 
from  1977  construction  cost  data  with  30-percent  additional  cost 
included  for  extra  mechanical  or  electrical  work.38 

De-icing  costs  are  included  for  DCA's  information. 
Figure  7-5  shows  that  the  cost  asymptotically  approaches  $22/ft2 
due  to  the  high  initial  equipment  investment  required.  COMSAT's 
experience  indicates  that  this  equipment  will  not  be  necessary 
at  the  majority  of  DCA  sites.  Hence,  the  cost  of  de-icing  is 
included  after  the  subtotal. 
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Table  7-1  lists  the  cost  estimates  for  three  separate 
antenna  aperture  sizes,  as  shown  in  Figure  7-6.  The  basic  an- 
tenna for  this  study  is  the  27-ft  reflector,  which  provides  54-dB 
gain  in  the  7/8-CHz  band  with  0.040-inch  ms  surface  tolerance. 
The  cost  of  this  reflector  is  compared  with  the  cost  of  the  same 
reflector  with  a 0.020-inch  surface  tolerance,  which  would  be 
required  for  the  20/30-GHz  operational  frequency  bands.  The  sub- 
total costs  in  Table  7-1  indicate  that  the  decrease  in  allowable 
r ms  error  increases  the  costs  by  about  20  percent.  Cases  2 and  3 
correspond  to  the  required  gain  of  59  dB  in  the  7/8-GHz  band. 

Both  48-  and  65-f t-diameter  reflectors  meet  the  HP  requirements. 
However,  comparison  of  the  antenna  costs  in  Figure  7-7  indicates 
that  the  antenna  with  the  smallest  surface  area  satisfying  the 
electrical  requirements  is  also  the  least  expensive.  The  cost  of 
obtaining  O.Q2Q-inch  surface  tolerance  at  these  aperture  sizes  is 
included  for  comparison  only. 

Table  7-2  lists  the  costs  of  the  basic  27-ft  reflector 
I at  several  locations.  Due  to  the  universal  design,  fabrication, 

; transport  mechanism,  and  de-icing  costs  remain  constant  for  all 

; sites.  Erection  costs  are  scaled  slightly  above  a fixed  base 

I 

i cost,  depending  on  the  maximum  reflector  height.  The  largest 

| change  in  cost  is  associated  fith  the  building  parameters,  since 

i the  orientation  of  the  feed  window  varies  radically  with  the 

site.  The  parameters  on  which  the  cost  estimates  are  based  are 
shown  in  Figures  7-8  and  7-9  for  the  site  of  interest.  In  terms 
of  erection  prices,  a 27-ft  reflector  at  the  COMSAT  Labs  location 
is  considered  to  be  the  baseline  antenna.  All  building  estimates 
are  based  on  the  aforementioned  structural  criteria. 

Comparison  of  the  subtotal  costs  of  antennas  at  the 
various  sites  indicates  that  a small  fraction  {<10  percent)  c * 
the  total  cost  is  involved  in  site-dependent  work.  A far  greater 
cost  increckSe  results  from  a change  in  the  aperture  size  or  a 
decrease  in  the  allowable  rms  surface  tolerance. 
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Figure  7-6.  Sires  of  several  MBTA  Reflectors  at  COMSAT  tabs 
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Table  7-2.  27-ft  MBTA  Dimensions  and  Cost  at 

Several  Locations 


Parameter 


Fabrication 
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Foundation 

Building 

Transport 

Subtotal 

De-icing 

Total 
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Figure  7-9.  Views  of  27-ft  MfeTA  at.  Locations-  3 and  4 
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APPENDIX  A.  PROGRAM  DESCRIPTIONS 

The  computer  programs  used  to  perform  the  calculations 
for  the  study  program  are  as  follows: 

a.  MBTA-1  calculates  pointing  and  geometrical  parameters 
given  v and  X; 

b.  MBTA-2  calculates  the  field  of  view  (FOV)  as  a function 
of  W/D  for  fixed  D/R,  F/R,  offset,  and  generating  axis, 
angle; 

c.  MBTA- 3 calculates  optimum  generating  axis  angle  and 
rotation  axis  unit  vector  components; 

d.  MBTA-4  calculates  the  general  exact  beam  pointing  angle 
<*>(9*'*  and  rotation  vector  u as  a function  of  <t>0l  $A,  v, 
and  X; 

e.  KBTA-5  calculates  the  gain  loss  versus  normalized  sur- 
face tolerance  (e/X)  for  fixed  feed  offset  angles; 

f.  MBTA-6  calculates  the  gain  loss  of  the  MBTA  versus  nss 
surface  tolerance,  e (mils) , for  fixed  feed  offset 
angles; 

g.  MBTA-7  calculates  the  aperture  plane  phase  error  char- 
acteristics of  the  MBTA  (<*>q  = 90°); 

h.  MBTA- 9 calculates  the  locus  of  parabolic  plane  scanned 
beam  feed  positions  and  the  associated  scan  angle; 

i.  MBTA-10  calculates  the  feed  phase  center  position  rela- 
tive to  the  parabolic  focus  given  a desired  spherical 
plane  scan  angle,  0S,  and  furnishes  the  direction  co- 
sines for  the  feed  pointing; 

j.  MBTA- 11  calculates  the  relative  coordinates  of  the  an- 
tenna reflector  surface,  possible  feed  locations,  and 
backup  truss,  support  structure,  and  foundation  joint 
members ; and 
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k.  MBTA-12  calculates  the  beam  pointing  error  in  the  azi- 
muth and  elevation  planes  and  the  rm»  surface  deforma- 
tions at  each  vertical  and  horizontal  cross  Section * 

MET A- 11  takes  the  mechanical  specifications,  aperture 
diameter  (D) , ratios  D/R  (DR)  and  F/R  (FR) , field  of  view  angle 
(6) , offset  dimension  (H) , and  site-dependent  earth  station  lati- 
tude, '.east  longitude,  central  satellite  east  longitude,  and  sur- 
face generation  angle  (a)  to  determine  the  relative  coordinates 
of  the  antenna  reflector  surface,  possible  feed  locations,  and 
backup  truss,  support  structure*  and  foundation  joint  members* 

To  determine  individual  panel  corner  points  and  truss  and  pickup 
point  locations,  the  number  of  parabolic  and  circular  panel 
points,  vertical  truss  points,  and  desired  pickup  points  must  be 
used  as  input. 

The  output  of  MlTA-ll  consists  of  the  elevation  (£)  and 
azimuth  <C2)  angles  of  the  reflector;  the  local  (site-independent) 
and  global  (site-dependent)  coordinates  of  the  generating  parab- 
ola, vertical  truss,  panel  and  truss  points,  pickup,  feed,  and 
foundation;  the  panel  arc  and  chord  lengths  for  manufacturing; 
and  the  approximate  panel  weights  (based  on  assumed  weight  per 
unit  area) . The  local  and  global  front  and  side  wind  forces  for 
45-,  60-,  and  125-mph  wind  velocities  are  generated  as  well  as 
thermal  and  gravity  forces  if  required.  Print  output  is  always 
given,  with  the  quantity  determined  by  some  of  the  input  param- 
eters. Punch  output  can  be  requested  for  the  HASTRAN  input  cards 
for  truss  and  panel  point  (GRID)  locations  and  gravity  (GRAV) , 
wind  (FORCE) , and  thermal  (TEMP)  loads.  The  transformation  vector 
(CORD)  between  the  global  and  local  coordinate  systems  is  also 
given  to  enable  either  set  of  outputs  to  be  used  as  desired. 
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Program  MBTA-12,  written  at  COMSAT  Laboratories,  takes 
as  input  the  ideal  surface  coordinates  from  MBTA-11  and  the 
UjASTRAL  displacement  vector  punch  output.  It  calculates  the  beam 
pointing  error  in  the  azimuth  and  elevation  planes  and  the  rms 
surface  deformations  at  each  vertical  and  horizontal  cross  sec- 
tion. For  each  case,  the  output  includes  the  SRSS  deflection  at 
each  backup  truss  point  and  the  resultant  tilts  and  local  rms 
values.  MBTA-12  calculates  the  best  fitting  toroidal  surface  to 
the  deflected  points.  The  beam  pointing  error  is  calculated  as 
the  angular  difference  between  the  ideal  surface  and  the  fitted 
surface.  The  rms  error  is  a measure  of  the  difference  between 
the  deflected  and  the  fitted  surface. 
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